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TRANSLATOR'S  PREFACE  TO  PARTS  II.  AND  III. 


In   presenting    to    the  public  the  concluding  volume  of  the 
"Animal  Kingdom/'  the  translator  has  but  little  to  add  to 
irhat  was  specified  in  the  Preface  to  Part  I.    The  same  princi- 
ples have  now  guided  him  throughout  in  the  translation  of  the 
whole  work ;    the  same  care  has  been  used  in  verifying  the 
citations  firom  the  old  anatomists,  and  in  correcting  the  refer- 
ences with  which  the  work  abounds.     In  Parts  II.  and  III.  the 
whole  of  the  citations,  not  excepting  those  from  Winslow,  are 
in  fact  translated  from  the  original  sources. 

In  making  a  quotation,  Swedenborg  sometimes  only  gives 
an  abstract  of  the  passage  he  professes  to  cite ;  sometimes  he 
gives  in  his  own  words  the  sense  of  the  author ;  and  this,  not 
seldom  very  imperfectly.  In  all  such  cases  one  rule  has  been 
obeyed ;  viz.,  to  follow  the  original  works  verbatim,  and  if  an 
additional  length  of  quotation  is  necessary  to  the  sense,  to  make 
it  without  reserve.  In  no  instance,  however,  has  a  passage 
been  shortened,  or  anjrthing  omitted  of  which  Swedenborg  has 
given  an  indication. 

An  Index  of  Authors  is  appended;  also  a  short  series  of 
Bibliographical  Notices  of  those  authors  who  especially  furnish 
the  anatomical  basis  of  the  work.  In  preparing  the  Index  of 
Subjects,  the  model  furnished  by  Swedenborg  himself  in  his  ad- 
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VIU  TRANSLATOR  S    PREFACE    TO   PARTS    II.   AND   III. 

mirable  index  to  the  "  Arcana  Coelestia^'^  has  been  imitated  as 
far  as  possible.  This  Index  of  Subjects^  it  is  hoped^  will  be 
found  not  unreadable  in  a  connected  form ;  in  which  case  the 
perusal  of  it  will  furnish  a  good  introduction  to  the  study  of  the 
work  itself.  Lastly^  the  translator  has  had  great  pleasure  in 
inserting  the  learned  Memoir  on  Swedenborg's  Physiological 
Manuscripts^  which  was  kindly  sent  to  him,  in  Latin,  through 
the  celebrated  Baron  Berzelius,  by  Dr.  J.  E.  Svedbom,  Librarian 
to  the  Royal  Academy  of  Sciences  of  Stockholm.  He  trusts  that 
this  Memoir  will  incite  the  admirers  of  Swedenborg's  works  to 
seciure  the  publication  of  his  MSS.,  and  first,  perhaps,  of  that 
on  the  "  Cerebrum,''  which  would  have  constituted  Part  IV.  of 
the  "  Animal  Kingdom,''  had  Swedenborg  continued  his  labors 
in  the  field  of  science. 

The  Introductory  Remarks,  which  are  intended  for  insertion 
in  Volume  I.,  will,  the  translator  hopes,  be  of  some  assistance  to 
those  who  have  the  best  title  to  expect  it,  and  at  the  same  time 
to  any  scientific  reader  who  is  desirous  of  perusing  a  slight  out- 
line of  Swedenborg's  physiological  doctrines. 

The  idea  of  giving  a  glossary  of  obsolete  terms  has  been 
abandoned.  Any  old  medical  dictionary  will  supply  all  that 
could  be  desired  in  this  respect.  It  wiU  be  for  the  readers  of 
Swedenboi^  to  consider,  whether  his  physiological  works  shall 
not  be  illustrated  with  an  Atlas  of  Plates  from  the  old  anato- 
mists :  but  this  can  better  be  settled  when  the  whole  of  those 
works  are  in  print. 

It  remains  for  the  translator  to  make  his  profound  acknow- 
ledgments to  those  numerous  friends  who  have  supported  him 
in  the  publication  of  the  '^  Animal  Kingdom,"  and  through 
whose  generous  patronage  the  first  volume  is  now  out  of  print. 


13,  Store  Streett  Be4ford  Square,  LondoHy 
Sept.  16,  1844. 
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PART  II. 


DIRECTIONS  TO  THE  BINDER. 


In  re-binding  the  Animal  Kingdom  particular  attention  w  requested  as  to  the 
sheets  placed  at  the  end  of  this  volume,  but  forming  part  qf  the  first  volume, 
-wbicb  are  to  be  arranged  in  the  following  order  : — 

The  Title  Page  and  Table  of  Contents  to  Vol.  I.,  in  place  of  the  former. 
The  ••  Introductory  Remarks  by  the  Translator"  (three  sheets  and  one  leaf),  to 
be  pUced  after  "  Transktor's  Prefiwje  to  Part  I."  (page  xiv.)  ;  after  which  the  leaf 
headed  "  The  Author's  Index  of  Contents  to  the  whole  Work,"  and  then  the  Half- 
title  to  Part  I. 


dermis,  skin,  and  fat.  The  upper  part  of  the  nose  is  rigid,  and  com- 
posed of  bones  ;  the  lower  part  is  flexible,  and  made  up  of  a  number 
of  cartilages,  muscles,  and  membranes.  The  internal  parts  are  the 
bones,  sereral  of  which  concur  to  produce  the  structure  of  the  nose ;  as 
the  nasal,  maxillary,  ethmoid  or  cribriform,  spongy,  frontal,  lacrymal 
and  palatine  bones,  the  vomer,  and  the  sphenoid  bone.  The  cartilages, 
which  form  the  lower  part  of  the  nose,  are  connected  by  membranes, 
in  order  that  the  nose  may  be  flexible  in  that  part.  The  first  of  these 
cartilages  constitutes  the  anterior  part  of  the  septum  narium  ;  there  are 
also  two  Tery  considerable  cartilages  in  each  of  the  alee,  and  between 
these  there  are  placed  sometimes  two,  sometimes  three,  and  sometimes 
more,  of  smaller  size.  The  septum  narium  is  cartilaginous  in  its  ante- 
rior and  lower  part,  but  osseous  in  its  posterior  and  upper  part ;  and 
these  parts  are  connected  by  strong  membranes.  There  are  two  pas- 
sages irom  the  nostrils  into  the  mouth,  designed  for  the  passage  of  air 
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PART  II. 


CHAPTER  I. 


THE   NOSE   AND  THE   UVULA. 

335.     Heistbr.    "The  nose  is  the  organ  of  smell.     This  part 
varies  greatly  in  size  and  figure  in  different  subjects ;  it  may  be  either 
middling,  very  large  or  very  small ;  either  handsome  or  the  reverse,  or 
aqiuline,  flat,  or  depressed.     Anatomists  divide  its  parts  into  external 
and  internal:  to  the  former  class  belong  the  dorsum,  the  root,  the 
bridge,  the  point,  and  the  alse  or  pinnae;    the  septum  dividing  the 
nose  into  two  cavities,   termed  nares  or  nostrils ;   the  hairs,  called  by 
some  vibrissae,  which  prevent  the  involuntary  discharge  of  mucus,  and 
the  entrance  of  insects  into  the  fauces ;  the  common  teguments,   epi- 
dermis, skin,  and  fat.     The  upper  part  of  the  nose  is  rigid,  and  com- 
posed of  bones ;  the  lower  part  is  flexible,  and  made  up  of  a  number 
of  cartilages,  muscles,  and  membranes.      The  internal  parts  are  the 
bones,  several  of  which  concur  to  produce  the  structure  of  the  nose  ;  as 
the  nasal,  maxillary,  ethmoid  or  cribriform,  spongy,  frontal,  lacrimal 
and  palatine  bones,  the  vomer,  and  the  sphenoid  bone.     The  cartilages, 
which  form  the  lower  part  of  the  nose,  are  connected  by  membranes, 
in  order  that  the  nose  may  be  flexible  in  that  part.     The  first  of  these 
cartilages  constitutes  the  anterior  part  of  the  septum  narium  ;  there  are 
also  two  very  considerable  cartilages  in  each  of  the  alse,  and  between 
these  there  are  placed  sometimes  two,  sometimes  three,  and  sometimes 
more,  of  smaller  size.     The  septum  narium  is  cartilaginous  in  its  ante- 
rior and  lower  part,  but  osseous  in  its  posterior  and  upper  part ;  and 
these  parts  are  connected  by  strong  membranes.     There  are  two  pas- 
sages from  the  nostrils  into  the  mouth,  designed  for  the  passage  of  air 
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and  mucus.  There  are  also  sinuses  in  the  maxillary,  frontal,  and 
sphenoid  hones,  and  cells  in  the  ethmoid  hone ;  all  of  which  increase 
the  nasal  cavity,  and  thus  allow  of  an  additional  expansion  of  the 
pituitary  memhrane,  and  augment  the  sense  of  smell.  There  are  be- 
sides certain  inequalities  and  prominences  of  the  turbinated  or  spongy 
bones  in  the  cavity  of  the  nares ;  serving  partly  for  the  same  purposes, 
and  partly  for  preventing  the  passage  of  insects  and  cold  air  into  the 
fauces. 

336.  "  The  nostrils  and  all  the  sinuses  and  inequalities  are  invested 
by  a  soft,  red,  and  vascular  membrane,  termed  the  mucous,  pituitary,  or 
Schneiderian  membrane,  which  is  the  organ  of  smelling  and  the  place 
o£  secretion  of  the  mucus  of  the  nostrils.  The  oscula  or  orifices  of  the 
excretory  ducts  are  very  conspicuous  on  this  membrane,  especially  in 
the  head  of  the  ox.  Under  the  membrane  we  observe  a  number  of 
little  glands,  particularly  about  the  middle  septum ;  these  also  are  de- 
signed for  the  secretion  of  mucus.  The  arteries  which  are  distributed 
in  prodigious  numbers  through  this  membrane,  arise  from  the  carotids, 
and  these  too  serve  for  the  same  secretion.  The  veins  are  from  the 
jugulars,  and  are  intended  to  return  the  superabundant  blood  of  the 
part.  The  nerves  distributed  through  the  pituitary  membrane,  are, 
1 .  The  olfactoi;y  nerves,  which  are  of  considerable  size,  yet  not  so  large 
as  in  the  lower  animals ;  these  are  supposed  to  constitute  the  organ  of 
smell.  2.  Some  branches  of  the  fifth  pair,  which  terminate  in  the 
hairs  or  villi,  and  are  thought  by  others  to  perform  the  sensorial  office. 
Under  the  pituitary  Ues  a  thin  membrane,  which  lines  the  bones  and 
cartilages,  and  which,  where  it  invests  the  latter,  is  termed  perichon- 
drium ;  where  the  former,  periosteum.  The  foramina  in  the  nostrils 
are,  1.  Those  of  the  frontal,  maxillary,  and  sphenoidal  sinuses,  and 
of  the  cells  of  the  ethmoid  bone,  serving  for  the  communication  of 
these  sinuses  and  cells  with  the  nostrils.  2.  The  orifices  of  the  lacry- 
mal  ducts,  opening  into  the  nostrils  on  both  sides ;  these  are  excellently 
figured  by  Morgagni.  3.  The  ducts  from  the  two  nostrils  to  the  mouth 
[palate]  ;  these  are  open  in  the  skeleton,  and  may  be  seen  just  behind 
the  incisor  teeth  of  the  upper  jaw ;  but  they  do  not  open  thither  in 
either  the  Uving  or  dead  subject,  but  are  accurately  closed  by  the  mem- 
brane of  the  palate  ;  wherefore  the  common  opinion,  that  they  transmit 
mucus  from  the  nostrils  into  the  mouth,  appears  to  be  erroneous. 
(Comp.  Anat,,  n.  286.)  In  my  last  dissections  I  have  taken  consider- 
able pains  to  search  for  what  are  termed  the  ducts  of  Steno,  running 
from  the  nostrib  to  the  palate,  behind  the  incisor  teeth ;  but  in  propor- 
tion as  they  are  manifest  in  the  skeleton,  in  the  same  proportion  they 
seem  to  be  obscure  in  the  fresh  subject.     I  have  always  indeed  found  a 
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number  of  rugae  and  depressions  behind  the  incisor  teeth ;  but  I  could 
never,  either  by  means  of  a  bristle  or  of  the  finest  style,  such  as  easily 
enters  the  puncta  laerymalia,  make  out  any  duct  or  canal  running 
thence  to  the  nose.     After  remoTing  the  corrugated  membrane  of  the 
^akte  in  this  place,  the  style  entered  for  a  short  way  into  an  osseous 
canal,  along  the  membrane  which  runs  through  this  canal,  but  it  did 
not  penetrate  into  the  nose.     And  on  the  other  hand,  the  attempt  to 
find  a  passage  from  the  nose  into  the  mouth  was  equally  fruitless ;  not 
even  the  finest  style  or  bristle  could  make  its  way.     On  these  accounts, 
I  suspect  that  this  latter  membrane,  which  is  very  strong,  is  in  reality 
a  ligament,  serving,  to  strengthen  the  membrane  of  the  palate,  and  con- 
nect it  to  the  bone,  and  thus  to  prevent  it  from  being  separated  there- 
from by  hard  and  rough  food,  and  other  sources  of  injury  ;  which,  if 
this  were  not  the  case,  might  give  rise  to  very  serious  consequences. 
(Ilnd.y  not.  59.) 

337.  **  The  ethmoid,  or  cribriform  bone,  is  the  eighth  bone  of  the 
cranium.  The  points  which  it  presents  for  notice,  are,  its  situation ; 
its  extension  through  the  nostrils  and  orbits ;  its  figure,  its  connexion, 
and  its  state  in  infants ;  its  four  apophyses, — the  crista  galli,  the  upper 
part  of  the  septum  narium,  and  the  two  superior  spongy,  or,  as  they 
are  also  called,  turbinated  bones,  to  which  Morgagni  has  added  two 
other  smaller  spongy  bones ;  the  cribriform,  the  cavernous,  papyraceous 
or  plane  part ;  and  under  this,  the  various  little  sinuses,  differing  in 
figure,  size  and  number  in  different  subjects.  (Ibid.,  n.  72.) 

338.  '*  The  muscles  of  the  nose  are  three  pair :  two  pair  of  dilators, 
and  one  pair  of  constrictors.  The  dilators,  which  serve  also  to  elevate 
the  nose,  vary  greatly  in  different  subjects ;  generally  however  there 
are  two  on  each  side,  although  they  are  often  extremely  small :  these 
are  termed  the  pyramidalis  and  myrtiformis.  The  p3rramidalis  arises 
from  the  root  of  the  nose,  and  is  usually  continuous  with  the  frontalis ; 
it  descends  for  a  short  distance  at  the  side  of  the  nose,  and  gradually 
expanding  into  a  thin  membrane,  is  inserted  into  the  alse  nasi :  it  often 
sends  down  fibres  as  far  as  the  upper  lip.  The  myrtiformis,  or  dilator, 
strictly  so  called,  arises  near  the  incisorius  of  the  upper  lip,  of  which 
it  frequently  is  but  a  portion,  and  is  inserted  partly  into  the  ake  nasi, 
and  partly  into  the  upper  lip.  The  constrictor,  which  is  not  orbicular 
in  the  human  subject  as  it  is  in  various  animals,  is  only  a  small 
muscle :  it  was  first  described  by  Cowper,  although  figured  by  Eusta- 
chius  :  it  arises  above  the  incisor  teeth  of  the  upper  jaw,  and  terminates 
in  the  ake  nasi.  Santorinus  endeavors  to  shew  that  it  is  double,  which 
I  have  also  observed  occasionally  myself;  the  orbicular  mnsde  of  the 
lips  greatly  assists  its  action.  (Ibid.,  n.  320.) 

b2 
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339.  "  The  uvula,  called  by  Celsus,  uva,  by  others  columella,  is  a 
body  of  a  cylindrical,  or  rather  of  an  inverted  conical  figure,  situated 
in  the  back  part  of  the  palate,  above  the  root  of  the  tongue,  between 
the  two  arches  of  the  palate  and  the  two  tonsils,  and  hanging  from  the 
velum  or  claustrum  palati.  In  figure  it  bears  a  considerable  resem- 
blance to  the  last  joint  of  an  infant's  finger.  Its  substance  is  muscular, 
surrounded  by  the  glandular  membrane  of  the  mouth.  It  has  two 
membranous  ligaments,  by  which  it  is  connected  to  the  bones  of  the 
palate.  It  does  not  exist  in  the  lower  animals.  (Ibid.,  n.  283.)  The 
muscles  of  the  uvula  are  six  pairs,  and  one  single  muscle.  1.  The 
glosso-staphilinus,  or  glosso-palatinus,  arises  on  each  side  from  the  root 
of  the  tongue,  ascends  towards  the  palate,  and  terminates  in  the  velum. 
2.  The  pharyngo-staphilinus  arises  on  each  side  from  the  lateral  por- 
tions of  the  pharynx,  and  terminates  also  in  the  velum.  3.  The  thyro- 
staphilinus  arises  from  the  lateral  part  of  the  thyroid  cartilage,  becomes 
broader  as  it  ascends  towards  the  uvula,  and  is  inserted  in  the  manner 
of  an  arch  in^o  the  side  of  the  velum.  4.  The  spheno-staphihnus  of 
Cowper,  Cant,  and  others,  may  be  more  correctly  termed  the  salpingo- 
staphilinus  ;  for  in  my  last  investigations,  I  have  found  that  it  arises  in 
no  degree,  or  at  any  rate  to  a  very  small  extent,  from  the  sphenoid 
bone,  but  rather  from  the  posterior  part  of  the  tube,  and,  in  fact, 
partly  from  its  membranous,  partly  from  its  osseous  portion ;  thence  it 
descends  obliquely  to  the  uvula,  and  is  inserted  into  its  posterior  part : 
hence,  if  both  these  muscles  act  together,  they  retract  the  uvula.  5. 
The  pterygo-staphilinus  arises  fit)m  the  upper  part  of  the  pterygoid 
process,  and  fi^m  the  anterior  part  of  the  tube  which  is  near  it; 
descends  between  the  two  lamellse  of  the  former,  and  reflects  its  tendon 
over  the  thin  apophysis  of  the  interior  lamella,  as  over  a  kind  of  pulley, 
to  the  anterior  part  of  the  palatine  membrane,  into  which  it  is  inserted : 
the  uvula  is,  therefore,  moved  downwards  and  forwards  by  this  pair. 
Valsalva  calls  this  the  new  muscle  of  the  tube,  although  its  existence 
has  long  been  known :  he  supposes  that  its  office  is  to  dilate  the  tube. 
6.  The  palato-staphiHnus  arises  on  each  side,  at  the  junction  of  the 
bones  of  the  palate  ;  it  is  broad  at  its  beginning,  but  after  joining  its 
fellow  muscle  it  becomes  gradually  narrower,  so  as  to  resemble  a  tri- 
angle, and  descends  to  be  inserted  into  the  upper  part  of  the  uvula  i 
its  action  seems  to  be  to  draw  the  uvula  upwards  and  forwards.  7. 
The  azygos  of  Morgagni,  placed  at  the  back  of  the  last  pair,  seems  to 
arise  tendinous  from  the  junction  of  the  bones  of  the  palate,  and  is  ex- 
tended fleshy,  but  thin  and  round,  through  the  middle  of  the  uvula ; 
for  with  the  glands  and  membrane  of  the  mouth,  it  constitutes  the  body 
of  the  part."  (Ujid.,  n.  326.) 
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340.  WiNSLOw.  "  The  septum  of  the  nose  is  formed  by  the  de- 
scending lamina  of  the  ethmoid  bone,  and  by  the  vomer,  and  it  is 
placed  in  the  groove  or  channel  formed  by  the  cristse  of  the  maxillary 
bones  and  edges  of  the  palate  bones.  The  dorsum  of  the  osseous  part 
of  the  nose  is  formed  by  the  true  nasal  bones ;  and  the  sides,  by  the 
superior  or  nasal  apophyses  of  the  maxillary  bones.  The  internal 
nares,  or  the  two  cavities  of  the  nose,  comprise  the  whole  of  the  space 
between  the  external  and  posterior  nares,  immediately  above  the  arch 
of  the  palate ;  from  whence  these  cavities  reach  upwards  as  far  as  the 
cribriform  plate  of  the  ethmoid  bone,  where  they  communicate  in 
front  with  the  frontal  sinuses,  and  behind  with  the  sphenoidal  sinuses. 
Laterally,  these  cavities  are  bounded  on  the  inside  by  the  septum  na- 
rium,  and  on  the  outside,  or  that  next  the  cheeks,  by  the  conchae, 
between  which  they  communicate  with  the  maxillary  sinuses.  The 
particular  situation  of  these  cavities  deserves  our  attention :  the  bottom 
of  them  runs  directly  from  before  backward,  so  that  a  straight  and 
pretty  lai^e  stUet  may  very  easily  be  passed  direct  from  the  tip  of  the 
nose,  as  £ur  as  under  the  great  apophysis  of  the  occipital  bone.  .  .  . 
The  inferior  portion  of  the  external  nose  is  composed  of  several  carti- 
lages, wbich  are  commonly  five  in  number,  and  of  a  pretty  regular 
figure ;  the  rest  are  only  accessories,  smaller,  more  irregular,  and  the 
number  of  them  more  uncertain.  Of  the  five  ordinaiy  cartilages  one 
is  ^tuated  in  the  middle,  the  other  four  laterally.  The  middle  carti- 
lage is  the  principal,  and  supports  the  rest.  It  is  connected  imme- 
diately to  the  bony  parts ;  the  other  four  are  connected  to  the  middle 
cartilage  and  to  each  other  by  means  of  ligaments.  The  principal  or 
great  cartilage  of  the  nose  is  divided  into  three  parts,  one  middle  and 
two  lateral.  The  middle  is  a  large  cartilaginous  lamina,  joined  by  a 
kind  of  symphysis  to  the  anterior  edge  of  the  middle  lamina  of  the 
ethmoid  bone,  to  the  anterior  edge  of  the  vomer,  and  to  the  anterior 
part  of  the  groove  formed  by  the  maxillary  bones,  as  far  as  the  nasal 
spine  of  these  bones,  and  the  extremity  of  the  sub-septum.  This  la- 
mina completes  the  septum,  and  indeed  forms  the  principal  part 
thereof.  ...  All  this  apparatus  of  the  external  nose  is  covered  by  the 
common  integuments,  the  skin,  epidermis,  and  fat.  That  which  covers 
•the  tip  of  the  nose  and  alse  narium,  encloses  a  quantity  of  glandular 
granules,  the  sebaceous  glands  of  Morgagni,  the  matter  of  which  may 
be  easily  squeezed  out  by  pressure  with  the  nails.  All  the  bony  and 
cartilaginous  parts  have  likewise  their  periosteum  and  perichondrium. 
.  .  .  The  pituitary  membrane  is  that  which  lines  the  internal  nares,  the 
cellular  convolutions,  the  conchse,  the  walls  of  the  septum,  and  by  an 
uninterrupted  continuation,  the  inner  surface  of  the  frontal  and  maxil- 
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laiy  sinuses,  and  of  the  ductus  lacrymales,  palatini  and  sphenoidales : 
it  is  likewise  continued  further,  from  the  posterior  nares  to  the  pha- 
rynx, septum  palati,  &c.  It  is  termed  pituitary,  because  in  the  greater 
part  of  its  extent  it  serves  to  separate  from  the  arterial  blood  a  mucila- 
ginous lymph,  called  pituita  by  the  ancients ;  and  which  in  the  natural 
state  is  pretty  liquid,  but  otherwise  is  glutinous  and  viscid,  or  some- 
times limpid  and  without  consistence,  or  exhibits  other  changes ;  it  is 
not  suppHed  in  equal  quantities  by  the  whole  membrane.  When  we 
carefully  examine  this  membrane,  it  appears  to  be  of  a  different  struc- 
ture in  different  parts.  Near  the  edge  of  the  external  nares  it  is  very 
thin,  like  skin  and  epidermis  in  a  degenerated  state :  through  the  rest  of 
its  extent  it  is  in  general  spongy,  and  more  or  less  thick.  The  thickest 
parts  are  on  the  parietes  of  the  septum  narium,  on  the  whole  lower 
portion  of  the  internal  nares,  and  on  the  conchse.  If  we  make  a  small 
opening  in  it  with  the  point  of  a  scalpel  in  any  of  these  places,  and 
use  the  blow-pipe,  we  discover  a  very  extensive  cellular  substance.  It 
appears  to  be  of  a  more  slender  texture  in  the  sinuses.  On  the  side 
next  the  periosteum  or  perichondrium,  which  it  accompanies,  it  is 
covered  with  glandular  granules,  the  excretory  ducts  of  which  are  very 
long  near  the  septum  narium,  and  their  orifices  very  visible ;  and  by 
appljring  a  blow-pipe  to  any  of  these  orifices,  the  ducts  may  be  inflated 
through  neariy  their  whole  extent :  but  in  order  to  this,  the  parts  must 
first  be  well  cleaned  and  washed  in  warm  water.  In  these  places  espe- 
cially, we  likewise  discover  a  fine  villous  substance ;  but  it  is  not  seen 
unless  the  parts  be  examined  in  clear  water,  in  the  manner  which  I  have 
used  in  my  pubUc  courses  for  above  twenty  years  past.  The  frontal,  sphe- 
noidal, and  maxillary  sinuses  all  open  into  the  internal  nares,  but  in  dif- 
ferent ways.  The  frontal  sinuses  open  from  above  downwards,  answering 
to  the  infundibula  of  the  ethmoid  bone.  The  sphenoidal  sinuses  open 
forwards,  opposite  to  the  posterior  nares.  The  maxillary  sinuses  open 
a  Httle  higher,  between  the  two  conchae.  .  .  .  The  opening  of  the  max- 
illary sinuses,  which  in  some  subjects  is  single,  in  others  double,  Ues 
exactly  between  the  two  oonchse,  about  the  middle  of  the  depth  of  the 
maxillaiy  cavities.  ...  It  is  proper  here  to  observe  exacUy  the  extent 
of  the  maxillary  sinus :  below,  there  is  a  very  thin  partition  between  it 
and  the  last  four  molar  teeth,  the  roots  of  which  in  some  subjects  pe- 
netrate the  sinus  in  this  situation.  Above,  there  is  only  a  very  thin 
transparent  lamina  between  the  orbit  and  the  sinus.  Behind,  above 
the  tuberosity  of  the  maxillary  bone,  the  side  of  the  sinus  is  also  very 
thin,  particularly  in  front  of  the  root  of  the  pterygoid  process,  through 
which  the  inferior  maxillary  nerve  sends  down  a  branch,  that  descends 
towards  the  posterior  palatine,  or  gustatory  foramen.    The  lacr3rmal  sac 
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is  a  small  oblong  membranous  bag,  wbich  receives  tbe  serositj  of  the 
eye  through  the  pmu^  laciymalia^  and  discharges  itself  below  into  the 
internal  nares.     It  b  situated  in  part  in  an  osseous  canal  formed  by  the 
nasal  apophy^  of  the  mamillary  bone  and  os  unguis ;  in  part  also  in  an 
osseous  canal  formed  in  the  same  maxillary  bone,  &c.  .  .  .  This  sac  is 
somewhat  spongy  or  cellular^  and  moderately  thick.     It  is  strongly 
united  by  its  convex  side  to  the  periosteum  of  the  bony  canal.  ...  It 
appears  to  be  composed  of  two  laminee  joined  together  by  a  spongy 
substance:  the  internal  lamina  seems  to  be  glandular.     The  ductus 
incisorii,  or  naso-palatine  ducts  of  Steno,  are  two  canals  which  extend 
from  the  bottom  of  the  internal  nares  across  the  arch  of  the  palate, 
and  open  behind  the  first  or  largest  incisor  teeth.     Their  orifices  may 
be  seen  distinctly  in  the  skeleton :  and  we  may  likewise  observe  their 
oblique  passage  through  the  maxillary  bones>  and  lastly  their  inferior 
orifices,  situated  in  a  small  cavity  or  fossula,  termed  the  anterior  palar 
tine  foramen,  &c.  .  .  .  The  arteries  of  all  these  parts  come  from  the 
external  carotid.     Those  of  the  external  parts  of  the  nose  are  chiefly 
brandies  and  ramifications  of  the  external  maxillary  or  angular,  and  of 
the  temporal  arteries ;  and  the  arteries  of  tbe  internal  parts  are  chiefly 
branches  and  ramifications  of  the  internal  maxillary  artery.     The  veins, 
in  almost  the  same  manner,  are  the  corresponding  branches  and  ramifi- 
cations of  the  external  jugular  vein.     They  communicate  with  the  or- 
bital sinuses,  and  by  that  means  with  the  sinuses  of  the  dura  mater, 
and  ultimately  with  the  internal  jugular  veins.    The  principal  n^*ves 
bdonging  to  the  nose  are  filaments  of  the  olfieuHories,   which  pass 
through  the  foramina  iu  the  transverse  plate  of  the  ethmoid  bone,   and 
are  distributed  to  the  common  membrane  of  the  internal  nares,  espe- 
cially to  the  villous  portions  thereof.    The  internal  branch  of  the  or- 
bital or  ophUialmic  nerve  sends  a  filament  through  the  small  internal 
anterior  orbital  foramen  into  the  cranium,  which  comes  out  again  in 
company  with  one  of  the  above-mentioned  filaments,    through  the 
ethmmdal  lamina.     This  internal  branch  afterwards  advances  towards 
the  OS  unguis,  and  is  distributed  partly  to  the  lacrymal  sac,  partly  to 
the  upper  portion  of  the  pyramidahs  muscle,  and  of  the  integuments 
of  the  nose.     The  suborbital  nerve,  which  is  a  branch  of  the  superior 
maxillary  nerve,  having  passed  through  the  inferior  orbital  foramen, 
transmits  filaments  to  the  external  lateral  parts  of  the  nose ;  another 
branch  of  the  superior  maxillary  nerve  goes  to  the  posterior  nares  of 
the  same  side,  and  is  spent  on  the  conchee  and  other  internal  parts  of 
the  nose.  (JSs^.  Anat.,  Traite  de  la  Te^te,  n.  319—359.) 

341.  "The  claustrum,  which  may  likewise  be  termed  velum,  or 
valvnla  palati,  terminates  below  by  a  loose,  floating  border,  represent- 
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ing  an  arch^  situated  transversely  above  the  base  or  root  of  the  tongue. 
The  highest  portion  or  top  of  this  arch  supports  a  small,  soft,  and 
irr^ularly  conical,  glandular  body,  the  base  of  which  is  attached  to  the 
arch,  and  the  apex  hangs  freely  downwards ;  this  body  is  commonly 
called  uvula.  The  pillars  or  columns  of  the  claustrum  are  four  mus- 
cular half-arches,  two  on  each  side  of  the  uvula,  to  which  the  upper 
extremities  of  them  all  are  united.  They  are  so  disposed,  as  that  the 
lower  extremities  of  the  two  which  he  on  the  same  side  are  a  Uttle 
separated  from  each  other,  the  one  being  anterior,  the  other  posterior, 
and  they  leave  between  them  an  oblong  triangular  space,  the  apex  of 
which  is  at  the  base  of  the  uvula.  The  two  half-arches  on  one  side,  by 
joining  their  fellows  on  the  other  side,  form  the  entire  arch  of  the 
border  of  the  claustrum.  The  posterior  half-arches  run,  by  their  supe- 
rior extremities,  more  directly  towards  the  body  of  the  uvula,  than  the 
anterior.  The  anterior  half-arches  are  continued  to  the  sides  of  the 
base  of  the  tongue,  and  the  posterior  to  the  sides  of  the  pharynx. 
In  the  lower  part  of  the  space  left  between  the  lateral  half-arches  on  the 
same  side,  are  situated  two  glandular  bodies  termed  amygdalae."  (Ibid,, 
n.  489—491.) 

342.  For  the  rest,  see  Boerhaave,  on  smelling,  Irut.  Med.,  n.  491 
— 507 ;  on  the  action  of  the  uvula,  Ibid.,  n.  70,  71.  Winslow,  on  the 
ethmoid  bone,  TV.  des  Os  Sees,  n.  241 — 254 ;  on  the  proper  bones  of 
the  nose.  Ibid.,  n.  396—403 ;  on  the  inferior  conchse.  Ibid.,  n.  435 — 
446  ;  on  the  muscles  of  the  external  nose,  TV.  de  la  Teste,  n.  329 — 
333.  Morgagni,  Advers.  Anat.  vi.,  tab.  ii.,  fig  3 :  where  the  turbinated 
bones  of  the  nares  are  beautifully  portrayed,  and  it  is  shewn  that  they 
are  three  in  number,  the  ossa  turbinata  inferiora,  superiora,  and  su- 
prema,  the  latter  being  the  smallest :  and  (Ibid.,  Anim.  53,)  that  these 
bones  are  double,  each  nasal  antrum  containing  a  set :  and  (Ibid.,  Anim. 
89,)  that  whatever  be  the  position  of  the  body,  mucus  flows  from  some 
of  the  nasal  cavities.  Eustachius,  Tabul.  Anat.,  tab.  xi.,  fig.  16,  and 
tab.  xviii.,  fig.  1  ;  representing  the  frontal  muscles,  the  constrictores 
palpebrse,  and  orbiculares  labiorum  ;  and  the  manner  of  their  operation 
on  the  dorsum  and  ake  of  the  nose.  Tab.  xv.,  fig.  1 ;  tab.  xiu.,  fig. 
2,  a ;  the  left  pyramidalis  muscle  serving  to  dilate  the  ake.  Tab.  xviii., 
fig.  3,  a ;  the  proper  semilunar  muscle  [depressor  pinnse]  of  the  nose. 
Tab.  XX.,  fig.  1,  3,  4,  5 ;  the  nasal  bones  in  the  skeleton.  Fig.  14, 
16 ;  the  cribriform  bone,  displaying  the  foramina  through  which  the 
olfactory  nerves  pass  out,  and  through  which,  according  to  Lancisi, 
they  also  receive  something  from  the  external  nares.  Ruysch,  on  the 
mucous  membrane,  its  arteries  and  glands,  Thes.  Anat.  i.,  iii.,  vi., 
X. ;  Epist.  viii.,  ix.,  passim  ;  and  his  tabulae.     Yerheyen,  Corp.  Hum. 
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-^^.,  tract,  iv.,   cap,  xv.,  tab.  xxriii.,  fig.  4,  5 ;  the  cartilages  of  the 
no9^  mduding  the  three  lesser  cartilages,  and  which  amount  in  aU, 
according  to  Rujsch,  to  nine  in  number.    Rg.  6,  the  same.    Fig.  8,  9 ; 
the  cavities  of  the  frontal,  ethmoid,  and  sphenoid  bones  ;  exhibiting  a 
number  of  vesicles  produced  by  inflation,  respecting  which,   see  the 
»me  author.  Ibid.,  tract,  iv.,  cap.  xvi.     Cowper,  Myotcm,  Ref.  (8vo., 
Axmdon,    1694),   p.  57;  and  Anatomy,  App.,  tab.  ii.,  fig.  35;  repre- 
senting the  muscles  of  the  nose.      Mangetus,  Theatr.  Anat.,  tab.  x., 
fig.  2,   from  Brown ;   representing  the  constrictor  nasi,  elevator,   and 
corrugator  muscles.     Tab.  xii.,  fig.  2,  also  from  Brown ;  the  gland  of 
the  palate,  with  the  uvula  reflected  upwards.     Tab.  eviii.,  from  Bidloo ; 
the  interiors  of  the  palate  together  with  the  uvula.     Fig.  2,  from  the 
same  ;  the   superior  concave  part  of  the  mouth  and  the  [naso-paktine] 
duct  of  Steno.      See  also  many  plates  from  Ruysch,  inserted  in  the 
same  coUection.       Palfin,  NouveUe  Osteologie,  pi.  i.,  ii.     Drake,  An- 
thropologia  Nova,   tab.  xvii.,  xviii.     Highmore,  Carp.  Hum.  Disquisit. 
^nat.,  and  his  tabulae.    Santorinus,    Observationes  Anatamica,  cap.  i., 
^-  9,  where  he  ascribes  eight  pairs  of  muscles  to  the  nose.    Vieussens, 
^^urographia   Universalis,  lib.  i.,  cap.  xvi.,  treating  of  the  aqueous 
and  emissary  ducts  of  the  head,  and  of  the  pituitary  membrane. 
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343.  As  there  is  a  high  road  £rom  the  labial  entrance^ 
through  the  fauces  and  oesophagus,  to  the  viscera  of  the  abdo- 
men {a),  so  there  is  a  high  road  from  the  two  entrances  of  the 
nares,  through  the  trachea,  into  the  lungs,  which  fill  the 
chamber  of  the  breast,  or  the  cavity  of  the  thorax.  From 
these  entrances,  then,  as  the  natural  beginnings,  we  commence 
to  speak  ol  the  viscera  of  this  region ;  but  adhering  to  the  law 
laid  down  in  the  first  instance,  we  must  make  our  exordium  firom 
use  (4).  The  nares,  divided  firom  each  othar  by  a  septum  or 
partition,  articulated  by  cartilages,  fortified  by  bones,  covered 
in  by  membranes, — ^with  their  alse,  point,  spine,  dorsum,  and 
root  or  brow, — ^I.  Open  the  way,  and  allow  the  lungs  the  possi- 
bility of  respiring;  for  they  are  the  first  doors  or  gates  through 

(a)  That  the  way  to  the  stomach,  consequently  to  the  viscera  of 
the  abdomen,  leads  from  the  mouth  through  the  pharynx  and  oeso- 
phagus, see  Part  I.,  n.  59.  There  are  then  two  entrances  in  the  head, 
namely,  the  orifice  of  the  lips,  and  that  of  the  nares  ;  the  first  leading 
to  the  lowest  region  of  the  body ;  the  second,  to  its  middle  region, 
that  is,  to  the  thorax.  In  man,  indeed,  the  labial  orifice  conducts 
also  into  the  thorax,  and  to  the  lungs ;  for  we  respire  through 
the  mouth  as  well  as  through  the  nares ;  but  the  case  is  different  in 
brutes,  for  with  them,  the  nasal  passages  are  blocked  up,  and  all  respi- 
ration that  way  is  intercepted.  The  reason  why  in  man  the  labial 
orifice  is  common  to  both  regions,  will  be  pointed  out  in  the  sequel. 
But  the  tongue,  which  b  the  motory  organ  of  the  palate,  and  of  the 
whole  apparatus  of  the  mouth,  is  common  to  both,  because  it  serves 
for  both  eating  and  speech ;  and  this  is  the  reason  why  we  began  our 
disquisitions  with  the  tongue. 

(b)  See  Part  I.,  n.  32. 
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which  the  breatliings  of  this  living  world  are  carried  to  and  fro. 
They  temper  withi  a  gentle  warmth  the  air  which  is  entering; 
and  impregnate  with  a  dewy  vapor  the  air  which  is  departing ; 
and  cleanse  and  purify  it  from  floating  particles  of  dust^  and 
noxious  exhalations.  II.  They  anticipate  by  the  sense  of  smelly 
what  the  atmosphere  of  the  circumambient  world  carries  in  its 
bosom,  so  as  to  make  the  animal  being  aware  of  that  which  is 
endeavoring  to  rush  inwards  into  its  lungs.  III.  By  a  kind  of 
unison,  they  regulate  the  articulate  sounds  of  speech,  and  to  a 
certain  degree,  as  it  were  by  provisional  alae,  conspire  to  modify 
the  words  themselves.  IV.  They  clear  away  the  viscid  phlegm 
from  the  arteries,  in  order  that  a  pure  and  clean  blood  may 
ascend  to  the  sensoria  of  the  cerebrum,  and  to  the  other  sensoria 
of  the  head.  Furthermore,  they  derive  from  all  these  organs 
the  ichorous  streams  that  threaten  inundation ;  that  is  to  say, 
from  the  eye  and  the  ear,  from  the  medullary  and  cortical  por- 
tions of  the  cerebrum,  from  its  meninges  or  membranes,  and 
from  the  sinuses  of  the  cranium.  V.  By  an  extrinsically  im- 
pulsive force,  they  excite  the  cerebrum  to  its  proper  reciprocal 
animations,    synchronous  with  the  respirations  of  the  lungs. 

VI.  Like  a  kind  of  cynosure,  they  terminate  and  complete  the 
common  axis  of  the  hemispheres  of  the  cerebrum,  and  of  its 
parts,  as  well  as  of  the  bones  of  the  cranial  vault ;  and  they  in- 
stitute and  begin  the  common  axis  which  runs  from  thence  into 
the  thorax,    as  well  as  that  which  runs  into  the  abdomen. 

VII.  Thus,  from  the  ultimate  boundary  of  this  axis,  they  tran- 
scribe the  cerebrum  into  the  face,  and  give  it  the  power  of 
imaging  its  affections  upon  the  surface  or  countenance  thereof. 
We  shall  now  proceed  to  consider  each  of  these  uses  separately. 

344.  I.  The  nasal  entrances  open  the  way,  and  allow  the 
lungs  the  possibility  of  respiring.  This  proposition  is  obvious 
and  universally  admitted ;  for  through  these  causeways  or  breath- 
ing-holes the  atmospheric  world  flows  in,  but  through  the  others, 
which  Uke  the  nares  are  sens(ma,  only  the  natiure  or  properties 
of  that  world  (c).    The  influent  atmosphere,  however,  is  instan- 

(c)  Through  this  way  alone,  that  is  to  say,  through  the  larynx  and 
the  trachea,  that  world,  or  the  atmosphere  thereof,  flows  in  substan- 
tially ;  but  it  does  not  long  remain  within,  being  immediately  thrown 
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taneously  expelled^  lest  it  should  claim  power  over  a  little  world 
not  belonging  to  it ;  indeed  it  is  admitted  only  as  a  convenient 
servant.  For  this  reason,  the  innermost  spiracles  or  breathing- 
holes, — ^the  pulmonary  vesicles, — open  first  (rf) ;  afterwards  the 
bronchia,  beginning  at  their  roots;  then  the  trachea  and  the 
glottis ;  lastly  the  nares,  all  the  way  to  the  alae  or  pinnae,  which 
are,  dilated  by  their  muscles  :  thus  the  air  is  admitted,  invited 
and  attracted ;  and  flows  in,  as  in  a  bellows  at  work,  according 
to  the  given  opening,  the  height  of  the  incumbent  column,  and 
the  force  of  gravity  dependent  thereupon  {e).  The  nares  temper 
with  a  gentle  warmth  the  air  which  is  entering ;  and  as  on  the  one 
hand  they  prevent  the  cold,  or  the  biting  winter,  from  injuring 
the  lungs,  and  their  pneumatic  principles  or  initiaments,  and 
contracting  them  more  rapidly  than  their  reciprocal  alternations 
demand ;  so  on  the  other  hand  they  provide  a  bland  temperature 
that  will  constantly  further  their  respirations,  and  bathe  and 

out  by  expiration ;  so  that  according  to  our  often-repeated  assertion  in 
Part  I.,  the  animal  kingdom  exempts  itself  universally  from  the  rule 
and  domination  of  the  circumambient  world,  and  is  governed  purely  by 
the  laws  and  principles  existing  in  itself.  See  Part  I.,  the  Chapter  on 
the  Intestines.  Consequently  the  air  does  not  rush  in  unbidden,  but  is 
admitted,  allured  and  attracted,  as  every  one  may  clearly  observe  in 
his  own  person.  Moreover,  immediately  on  its  entrance  it  is  subjugated 
in  such  a  manner,  that  it  is  not  at  its  own  disposal,  and  does  not  act 
with  all  its  gravity,  but  is  derived  into  the  lungs,  both  with  respect  to 
its  quantity  and  with  respect  to  its  direction,  at  their  will  and  pleasure. 
The  other  sensorial  organs,  as  the  eye  and  ear,  admit  the  atmospheres, 
indeed,  but  only  the  modifications  thereof,  by  which  nature  manifests 
herself  and  her  modes  of  forces. 

{d)  This  will  be  explained  more  fully  in  the  Chapter  on  the  Lungs. 

(e)  In  the  Chapters  on  the  Liver,  the  Pancreas  and  the  Spleen,  it 
was  shewn,  that  the  blood  is  not  intruded  by  force  into  their  glandular 
principles,  that  is,  into  their  minute  follicles,  but  is  invited  by  acts  of 
expansion ;  precisely  in  the  same  manner  as  in  the  lungs.  This  pro- 
duces a  particular  attraction  resembling  the  attraction  of  bellows  or 
pumps,  in  which  latter  the  air  rushes  in  to  fill  the  void  caused  by  raising 
the  piston ;  so  that  the  attraction  is  no  property  of  the  vacuum,  but 
rather  is  nature's  aversion  to,  and  avoidance  of,  a  vacuum,  in  conse- 
quence of  which  the  matter  near  the  scene  of  operation  is  continually 
urged  to  fill  the  vacant  space. 
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foment  the  cribriform  plate,  and  the  dehcate  nerves  issuing 
tlierefrom.  To  produce  these  results,  the  nasal  canals  decrease 
in  size  firom  the  bottom  to  the  top  {/) ;  and  in  the  middle  of 
their  course,  are  reflected  towards  the  palate  and  the  larynx  (g) ; 
while  those  which  pass  upwards  are  folded  fiom  below  to  above, 
twice  or  three  times,  into  papyraceous  convolutions  or  spirals  (A) ; 

(/)  The  largest  aperture  of  the  nares  is  that  which  is  comprehended 
by  the  alee  nasi ;  the  orifice  becomes  constantly  i)^urrower  in  passing 
ap¥rards. 

(g)  Where  the  cartilages  terminate,  two  passages  commence  on 
each  side ;  one,  leading  upwards  through  the  conchse  towards  the  cri- 
briform plate ;  the  other,  passing  obliquely  downwards  towards  the 
palate  and  the  glottis ;  but  the  two  latter  reflected  passages  again  unite 
into  one.  "  Each  of  the  nares,"  says  Verheyen,  "  is  divided  into  two 
parts  or  cavities ;  one  of  which  goes  upwards  to  the  cribriform  bone ; 
the  other,  which  is  much  the  longer,  passes  above  the  palate  into  the 
interiors  of  the  fiuices  and  mouth.  .  .  .  The  latter  on  each  side  unites 
with  its  fellow  in  the  palate,  and  the  two  constitute  one  cavity.  .  .  . 
which  in  this  situation  is  very  large,  and  .  .  .  placed  directly  above  the 
fissure  of  the  larynx"  (Corp.  Hum.  Jnat,,  tract,  iv.,  cap.  xv).  By 
virtue  of  this  inflexion  and  of  the  warmth  imparted  by  the  superior 
r^;ion  of  the  nares,  the  coldness  of  the  air  cannot  faO  to  be  broken  and 
tempered,  and  the  breath  inhaled  to  be  rendered  mild  and  warm ;  as 
we  have  physical  proofs  to  demonstrate  ;  for  if  the  very  coldest  air  be 
passed  through  even  a  short  tube  that  has  been  previously  warmed,  it 
instantly  comes  out  warm  at  the  other  end ;  and  the  more  in  the  narrow 
passages  of  the  nares,  where  warmth  is  imparted  by  all  the  arteries, 
membranes,  and  constantly  vibrating  papyraceous  bones. 

(A)  For  there  are  three  pairs  of  cochlese,  or  as  they  are  usually 
termed,  turbinated  and  spongy  bones,  through  which  the  air  circulates 
in  passing  upwards ;  consequently  none  but  warm  air  can  possibly  reach 
the  cribriform  plate  of  the  ethmoid  bone.  On  the  way  also,  as  the  air 
runs  through  these  gyres  and  whirls,  it  is  examined,  and  purified  of 
all  noxious  vehicles,  fine  dust,  or  heavy  and  misshapen  particles,  until 
nothing  is  left  that  can  injure  or  oflend  the  exquisitely  delicate  nerves 
in  their  b^;innings.  Morgagni  has  admirably  delineated  the  three  pairs 
of  cochleae,  and  describes  them  as  "  the  ossa  turbinata  inferiora,  supe- 
riora,  and  suprema,  and  that  these  bones  are  double,  each  nasal  antrum 
containing  a  set"  (n.  342).  These  triple  cochleae  or  conchae  are  termed 
by  Vieussens,  the  cells  and  sinuses  of  the  ethmoid  bone,  and  he  like- 
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SO  that  the  air  circulates  in  them  exactly  according  to  its  natural 
fluxion  (t),  and  never  reaches  the  osseous  sieve  of  the  cribriform 
plate,  until  it  has  traversed  various  labyrinthine  windings,  and 
been  warmed  by  a  lai^e  extent  of  surface.  Indeed,  the  oi^ani- 
cally  constructed  sinuses  are  so  many  correctives  and  prohibitives, 
whereby  the  air,  or  the  blistering  wind,  is  prevented  from  pene- 
trating internally.  The  nares  impregnate  tvith  a  dewy  vapor  the 
air  which  is  departing, — ^they  set  free  the  fine  aqueous  exhalation, 
leaving  the  mucus  behind ;  as  is  sufficiently  evident  from  the 
wateriness  of  the  expirations.  Lastly,  they  cleanse  and  pur\fy 
the  air  from  floating  particles  of  dust,  and  nowums  exhalations. 
This  is  the  purpose  of  the  vibrissae  or  hairs ;  also  of  the  mem- 
brane, perpetually  moistened  by  so  many  lymphs  from  extra- 
neous sources,  and  by  so  many  proper  to  itself,  and  anointed 
with  the  viscid  mucilage,  left  after  the  evaporation  of  the  finer 
dew  (Ar),  so  that  it  can  ensnare  irregular  and  misshapen  cor- 
puscules,  and  snatch  them  away  from  the  air.  This  also  is  the 
reason  why  the  organ  has  a  power  given  it  of  contracting  itself 

wise  divides  them  into  three  pairs,  although  some  anatomists  divide 
them  only  into  two.  "  We  reckon,"  says  he,  "  six  ethmoidal  sinuses, 
intermediate  between  the  frontal  and  sphenoidal  sinuses,  and  which  are 
separated  from  each  other  by  true  bony  partitions :  these  six  sinuses  we 
divide  into  anterior,  middle,  and  posterior"  (Neurogr.  Umv,,  lib.  i., 
cap.  xvi.) 

(t)  That  the  air  has  a  tendency  to  gyrate  spirally,  is  abundantly 
proved  by  the  phenomena  of  pneumatics,  that  is  to  say,  by  the  phe- 
nomena both  of  atrial  modification  and  of  sound,  and  by  the  spiral 
cochleae  and  semicircular  cylinders  in  the  organ  of  hearing  :  the  same 
thing  is  also  proved  by  the  very  nature  of  the  air,  of  which  we  shall 
speak  in  another  place. 

{k)  We  shall  have  to  shew  presently,  that  there  is  a  general  deriva- 
tion of  humors  hither,  both  from  the  sinuses  of  the  cranium,  and  from 
the  adjoining  sensorial  organs,  nay,  from  the  cerebrum  itself,  not  to 
say,  from  the  numberless  arteries  that  supply  the  pituitary  membrane. 
It  also  appears  that  the  breath  expired  is  absolutely  filled  with  moisture, 
and  as  it  only  carries  off  the  limpid  and  thin  portion,  the  remainder  is 
of  course  comparatively  thick  and  viscid,  and  adapted  for  netting  and 
catching  the  heavy  effluvia  that  the  air  brings  in.  The  thickness  of 
the  mucus  may  be  accounted  for  in  this  way. 


Digitized  by  VjOOQ IC 


THE    N08B    AND   THE    UVULA.  15 

by  means  of  muscles ;  by  yirtue  of  which  construction  it  bears 
a  resemblance  to  a  kind  of  rude  strainer,  endowed  at  the  same 
time  with  the  feu^ulty  of  smelling  the  substances  that  impinge 
upon  it. 

345.  II.  The  nares  aniidpaie  by  the  sense  of  smell,  what 
the  atmosphere  of  the  circumambient  world  carries  in  its  bosom ; 
that  is  to  say^  whatever  is  floating  freely  in  the  little  volumes  of 
the  air,  and  is  figured,  angular,  plane  or  smooth;  round,  ex- 
tended or  long ;  weighty  and  naturally  inert  (/) ;  derived  originally 
from  the  terrestrial  kingdom,  but  afterwards  exhaled  from  either 
the  vegetable  or  the  animal  kingdom  (m) ;   whatever,   conse- 

(/)  Those  things,  we  mean,  that  float  about  in  the  air,  and  are  so 
versatile  as  to  be  capable  of  applying  themselves  in  the  freest  manner, 
by  means  of  the  air,  to  the  little  sensoria  or  papillae,  and  of  imprinting 
upon  them,  as  perfectly  as  upon  the  most  yielding  wax,  the  complete 
figure  of  their  sides,  angles  and  planes ;  in  the  same  way  as  the  nutrient 
particles  of  the  food  imprint  their  figures  upon  the  tongue,  which 
particles,  were  they  not  dissolved  and  floated  by  the  saliva,  or  some 
other  extraneous  liquid,  could  not  possibly  communicate  any  idea  of 
their  form,  or  we  should  rather  say,  of  their  figure.  There  are  then 
three  organs  which  receive  sensations  and  sensuous  distinctions  from  the 
contact  of  corpuscular  bodies,  to  wit,  the  organs  of  touch,  taste  and 
smell ;  but  the  two  other  organs — ^the  sensoria  of  hearing  and  sight — 
receive  their  sensations  and  distinctions  from  the  mere  modifications  of 
the  atmosphere.  Although,  however,  the  former  derive  their  sensa- 
tions firom  hard  and  diversely  figured  particles  impinging  upon  them, 
nevertheless,  those  sensations  are  not  the  less  modifications  on  this 
account;  for  the  form  imprinted  upon  the  papillse  mounts  up  as 
a  modification  along  the  fibres  towards  the  general  sensorium.  See 
n.  344  (c). 

(m)  All  particles  endowed  vrith  vis  inertise  or  gravity  come  exclu- 
sively firom  the  mineral  kingdom ;  in  fact,  the  earth  is  a  collection  of 
such  substances  and  elements.  But  these  particles  pass  from  the  bosom 
and  womb  of  the  earth,  into  vegetables,  and  thus  from  one  kingdom 
into  another ;  although  in  this  case  they^  are  combined  and  disposed  in 
a  diflSsrent  manner, — into  essential  salts,  juices,  oils,  spirits,  resins, 
&c.  From  the  vegetable  kingdom  they  mount  into  our  animal  king- 
dom, as  when  we  eat  vegetables,  or  else  they  pass  into  the  animals 
whose  flesh  we  eat.  Thus  the  parts  of  the  mineral  kingdom,  sufiering 
a  transformation,  come  to  be  of  use  to  man  at  last. 
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quently,  is  mineral^  saline,  or  sulphureous ;  whether  in  fine  it 
be  called  acid,  alkali,  nitre,  spirit,  oil,  syrup,  juice,  or  by  any 
of  the  other  infinite  names  of  natiiral  substances ;  provided  only 
that  it  be  raised  upon  the  wings  of  the  atmosphere,  carried 
about,  and  adequate  to  the  sensorial  papillse,  and  communicate 
exquisitely,  by  contact  and  application,  all  its  points,  angles 
and  planes,  or  the  entire  figure  of  its  sides,  that  is  to  say,  its 
corpuscular  form,  to  all  points  of  the  little  sensorium.  By  virtue 
of  an  idea  similar  to  the  impression  being  excited  and  repre- 
sented in  the  cerebrum,  all  over  the  termination  of  its  fibres,  or 
in  the  universal  cortical  substance,  sense  is  produced  (n),  the 
affection  of  which  sense  is  smeU,  either  pleasant,  sweet  and 
fragrant,  or  unpleasant,  rank  and  stinking;  or  mediate,  with 
infinite  variety,  between  these  two  extremes.  To  produce  this 
affection,  certain  fibres,  drawn  from  the  whole  of  the  medullary 
portion  of  the  cerebrum,  and  collected  into  a  bundle  termed  the 
mammillary  process, — certain  most  delicate  fibres, — soft,  fiill, 
disposed  fascicularly,  encased  in  pia  mater,  proceeding  to  the 
cribriform  plate  of  the  crest  of  the  ethmoid  bone,  and  pass- 
ing out,  surrounded  by  dura  mater,  through  its  foramina  (o), — 

(n)  In  Part  VII.,  treating  of  the  Cerebrum,  it  is  my  intention  to 
prove  by  many  considerations,  that  all  sensual  modification  creeping  up 
along  the  fibres,  terminates  in  the  universal  cortical  substance, — ^the 
last  and  first  boundary  of  the  fibres ;  not  mounting,  as  would  most 
likely  be  our  general  impression  at  first  sight,  to  those  organic  prin- 
ciples only  that  correspond  to  the  fibres  proceeding  to  the  oi^an  of 
sense ;  but  mounting  to  the  whole  sensorium  in  common,  this  being 
what  is  affected. 

(o)  "We  shall  treat  of  the  olfactory  nerves  in  the  Part  on  the  Cere- 
brum ;  but  as  we  are  here  investigating  the  sense  of  smell,  it  seems  to 
be  necessary  to  give  a  short  description  of  these  nerves  or  processes, 
extracted  from  Vieussens,  Ridley,  Willis,  and  other  anatomists ;  from 
which  description  we  may  be  enabled  in  a  summary  to  view  the  origin 
and  derivation  of  this  sensation.  When  the  fore-part  of  the  cerebrum 
is  raised,  the  mammillary  processes  come  in  sight,  together  with  the 
olfactory  fibres  proceeding  from  them.  In  man  they  are  very  thin  and 
small,  but  in  less  perfect  animals  they  are  like  two  bottles,  very  large 
and  nearly  round,  broad  at  their  commencement,  and  decreasing  by  de- 
grees, and  they  occupy  a  very  considerable  part  of  the  fundus  of  the 
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thoroughly  inseminate  and  distribute  themselves  through  the 
pituitary  or  mucous  membrane  :  by  these  are  produced  oi^anic 
or  villous  forms,  which  are  the  little  sensoria  of  this  species  of 
touch.  Prom  these  preliminaries  we  may  now  conclude  respect- 
ing the  path  by  which  the  modes  and  radii  of  this  sensation 
mount  firom  these  little  organs  to  the  common  sensorium  of  the 
cerebrum, — ^we  may  conclude  that  they  moimt  by  way  of  the 
fibres,  and  at  the  same  time  by  way  of  the  two  meninges,  and 
thus  meet  in  the  middle  and  central  cortical  substance  (p).    To 

cerebram :  and  in  animals,  in  the  seal  for  instance,  we  find  these  pro- 
cesses to  contain  a  cavity  distended  with  limpid  fluid,  the  inflation  of 
which  cavity  by  means  of  the  blow-pipe,  will  cause  the  whole  mass  of 
the  cerebrum  to  rise  and  swell  up.     But  in  man  they  are  not  hollow, 
nor  is  the  common  opinion  correct,  that  there  is  a  passage  from  them 
into  the  anterior  ventricles  of  the  cerebrum.     They  lie  immediately  but 
freely  upon  the  dura  mater,  all  the  way  from  the  clinoid  processes  to 
the  ethmoid  bone  :  they  are  pretty  soft  ;  and  when  they  reach  the  cri- 
briform plate  of  the  crista  galli,  they  transmit  a  vast  number  of  fila- 
ments through  its  foramina  into  the  cavities  of  the  ethmoid  bone  and 
the  cells  underneath  them.     As  they  descend,  they  are  invested  with, 
and  accompanied  by,  an  equal  number  of  little  prolongations  of  the 
meninges  <^  the  cerebrum,  and  they  proceed  until  they  reach  the  pulpy 
membrane,  in  which,  and  in  its  follicles,  but  particularly  in  the  papillary 
substance,  they  terminate.    In  man  they  are  white ;  in  sheep  and  many 
other  animals  they  are  of  a  light  grey :  in  these  [animals],  twigs  de- 
rived from  the  carotid  follow  them  down  to  their  divisions  and  delicate 
fibrillse.     They  consist  of  medullary  fibrilise,    some  of  which  derive 
their  origin  extensively  from  the  posterior  and  anterior  lobes,  and  from 
the  middle  portion  of  the  centrum  ovale ;  some,  more  limitedly,  only 
from  the  anterior  and  inferior  part  of  the  medulla  oblongata,  where 
lying  obliquely  and  meeting  each  other,  they  appear  finally  to  arise 
between  the  exterior  and  posterior  lobes.     Some  authors  maintain  that 
their  fibres  arise  from  the  corpora  striata,  and  in  this  region  receive  fila- 
ments from  the  anterior  lobes  of  the  cerebrum.     The  fibres  of  these 
nerves  are  much  stronger  and  more  numerous  in  dogs  than  in  the  human 
subject. 

{p)  We  shall  treat  of  these  subjects  more  fully  in  the  Part  on  the 
Cerebrum.  That  the  modes  of  sensation  mount  up  by  way  of  the 
fibres,  is  a  proposition  which  no  one  can  think  of  denying;  for  all 
sense  flies  into  the  cerebrum  along  the  track  of  the  fibres ;  and  when 

VOL.  II.  PART  II.  CHAP.  I.  C 
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heighten  this  eflTect,  from  the  most  particular  modes  of  touch 
up  to  the  general  sensation,  a  spacious  membrane  is  spread  out, 
and  all  the  cavities,  cells,  convolutions,  leaves  and  sinuses  are 
amply  and  continuously  covered  by  it,  as  well  as  by  a  fine  perios- 
teum  and  perichondrium  (9) ;  so  that  the  little  scattered  sensuous 

the  nerves  are  divided,  sense  is  annihilated ;  and  when  they  are  injured, 
sense  is  altered  and  perverted  in  exact  proportion  to  the  amount  and 
state  of  the  lesion.  But  this  sensation  also  passes  up  by  way  of  the 
meninges  or  membranes,  that  is  to  say,  by  way  of  the  pia  and  dura 
mater ;  for  in  truth  both  these  membranes  accompany  the  fibres,  or 
fasciculi  of  fibres,  as  they  accompany  the  nerves  [of  other  parts],  all 
the  way  to  the  pituitary  membrane ;  in  a  word,  to  the  organic  ter- 
mini ;  and  the  dura  mater  Ukewise  supplies  them  with  Uttle  sheaths. 
"  The  fibrillse  of  the  olfactory  nerves,"  says  Vieussens,  "  are  covered 
with  pia  and  dura  mater  as  they  enter  the  nares"  (Neurogr,  Univ., 
Hb.  iii.,  cap.  ii.)  And  according  to  Winslow,  "  The  dura  mater  gives 
off  as  many  little  sheaths  as  there  are  foramina  in  the  cribriform  plate" 
(Exp,  Jnat,,  Tr.  de  la  Teste,  n.  22)  :  and  again  he  says,  **  At  the 
same  place,  the  dura  mater  sends  off  a  number  of  sheaths,  that  invest 
and  accompany  the  nervous  filaments  and  their  ramifications,  on  the 
internal  parts  of  the  nose"  (Ibid.,  n.  134).  Inasmuch  then  as  every 
tremble,  that  is,  every  transcendent  vibration,  such  as  comes  under 
the  title  of  modification,  pervades  subtle  fiuid  parts  and  contiguous  soft 
parts,  or  passes  along  and  runs  over  every  continuum,  therefore  the 
contact  or  subtle  impetus  made  upon  the  organic  papillae  and  their 
membranes,  cannot  possibly  cease  before  it  arrives  in  ultimates ;  con- 
sequently, passing  at  once  from  the  fibres  and  the  two  meninges,  it 
must  go  on  until  it  arrives  in  the  cortical  portion  of  the  cerebrum ;  in 
which,  therefore,  a  meeting  takes  place,  as  in  a  most  multiple  common 
centre. 

(q)  Our  authors  shew  throughout,  that  the  pituitary  membrane  in- 
vests not  only  the  larger  cavities  of  the  nares,  but  also  the  cells  and 
conchse  of  their  superior  chamber,  and  the  frontal,  sphenoidal  and 
maxillary  sinuses,  and  that  it  extends  into  the  palate,  the  pharynx  and 
the  trachea.  "The  pituitary  membrane,"  says  Winslow,  **is  that 
which  lines  the  internal  nares,  the  cellular  convolutions,  the  conchae, 
the  walls  of  the  septum,  and  by  an  uninterrupted  continuation,  the 
inner  surface  of  the  frontal  and  maxillary  sinuses,  and  of  the  ductus 
lacrymales,  palatini  and  sphenoidales :  it  is  likewise  continued  far- 
ther,   from  the  posterior  nares  to  the  pharynx,  septum  palati,"  &c. 
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modes  of  singulars^  collected  into  a  common  idea,  at  length 
emei^,  in  the  form  of  evident  sense^  to  our  meaaure  of  percep- 
tion and  sphere  of  consciousness.  And  furthermore^  with  the 
same  object^  the  very  osseous  laminse  themselves^  thus  covered^ 
are  convoluted  into  spirals  and  little  vortices,  in  triple  order, 
decreasing  in  size  from  below  to  above,  or  from  without  to 
within,  exactly  in  accordance  to  the  form  of  nature,  considered 
as  a  modifying  power  (r) ;  and  by  these  vortices  the  straggling 
modes  are  drawn  together,  before  they  are  diffused  as  one  into 
the  cerebrum.  And  in  order  that  a  nerve  may  be  present,  to 
annomice  with  extreme  and  ahnost  instantaneous  rapidity  the 
state  of  this  sense  to  the  moving  or  muscular  fibres,  and  dispose 
them  to  suitable  action,  a  branch  is  sent  thither  firom  the  fifth 
pair  («).     By  these  provinons  the  animal  being  is  made  aware  of 

(n.  340.)  Vieussens  traces  it  over  the  pharynx  and  larynx  (Neurogr. 
Univ,y  lib.  i.,  cap.  xvi.)  ;  so  that  it  would  seem  to  be  continued,  by 
the  membrane  of  the  bronchia,  to  the  innermost  parts  of  the  lungs. 
Since  then  this  membrane  is  so  extensive,  and  contains  not  only  glands, 
but  papillae,  therefore,  of  necessity,  the  most  particular  forces,  actions 
and  modifications,  most  pass  into  it  as  a  common  membrane ;  and  thus 
an  acddents  must  be  communicated  to  all  the  papillse  that  are  associated 
in  the  same  fbnction ;  precisely  according  to  our  declaration  in  Part  I., 
Chap.  I.,  where  we  treated  of  the  Tongue.  Wherever  there  is  a  par- 
ticular, there  also  there  is  a  corresponding  general ;  for  without  a 
general  or  common  modification,  neither  touch,  nor  any  mode  of  a  part 
or  parts,  firom  whatever  cause  arising,  could  come  to  evident  sensation. 
Common  or  general  modes  are  the  only  modes  by  which  we  are  affected, 
and  these  we  perceive  in  some  measure  distinctly ;  but  individual  or 
singular  modes  we  perceive  very  indistinctly,  or  so  subtly  and  finely 
that  they  appear  to  be  nonentities  ;  myriads  of  such  require  to  be  asso- 
ciated together,  to  present  a  single  modulus  or  little  mode  which  reaches 
oar  consciousness. 

(r)  See  above,  n.  332,  note  (r).  Respecting  the  cells  and  conches 
of  the  upper  part  of  the  nose,  termed  by  "Winslow,  the  labyrinth,  see 
that  author's  Exp.  Anat,,  Tr,  des  Oa  Sees,  n.  247  ;  and  respecting  the 
inferior  conchse,  see  Ibid,,  n.  435 — 446. 

(«)  Besides  the  proper  branches  of  the  olfactory  nerves  supplied  to 
the  organ  o£  smell,  some  authors  attribute  to  it  also  certain  branches 
from  the  fifth  and  sixth  pairs  of  nerves.  With  respect  to  the  fifth  pair, 
Winslow  says,  "  The  internal  branch  of  the  orbital  or  ophthalmic  nerve 

c2 
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that  which  is  endeavoring  to  rush  inwards  into  its  lungs.  This  is 
still  more  exquisitely  the  case  in  those  creatures  that  do  not  live 
under  the  guidance  of  a  mind  endowed  with  a  proper  intellect 
and  will,  but  under  the  guidance  of  nature  alone  {t).  Where- 
fore, in  order  that  the  nares  may  attract  pleasing  odors  more 
fully  and  intimately,  and  remove  fetid  odors  more  completely, 
from  the  lungs  and  the  cerebrum,  certain  muscles  are  provided, 
which  either  expand  or  contract  the  orifices  and  passages  (u), 
and  dispose  them  to  every  state  of  sensation. 

sends  a  filament  through  the  small  internal  anterior  orbital  foramen  into 
the  cranium,  which  comes  out  again  in  company  with  one  of  the  above- 
mentioned  filaments  [of  the  olfactory  nerves],  through  the  ethmoidal 
lamina.  This  internal  branch  afterwards  advances  towards  the  os 
unguis,  and  is  distributed  partly  to  the  lacrymal  sac,  partly  to  the 
upper  portion  of  the  pyramidalis  muscle,  and  of  the  integuments  of 
the  nose,"  &c.  (n.  340.)  The  same  thing  seems  to  occur  here  as  we 
before  remarked  in  the  organ  of  taste,  the  tongue,  to  which  also  a 
little  branch  is  supplied  from  the  fifth  pair ;  with  the  view,  it  would  ap- 
pear, that  sense  may  make  instantaneous  common  cause  with  motion  ; 
for  the  fifth  pair  is  in  a  manner  a  common  regulator  and  messenger, — 
the  Mercury  of  the  Olympus  of  the  head. 

{t)  On  this  account,  animals  impelled  by  instinct  alone  or  nature 
alone,  have  larger  olfactory  nerves  than  man,  communicating  also  more 
intimately  with  the  whole  substance  of  the  cerebrum,  as  appears  from 
manifold  experience  in  both  birds  and  quadrupeds.  We  all  know  per- 
fectly well  the  power  of  smelling  possessed  by  dogs.  Indeed,  these 
and  similar  animals  seem  not  only  to  have  a  keen  sense  of  the  particles 
floating  about,  as  effluvia,  in  the  gross  air,  but  also  to  discern  the  purer 
distinctions  of  particles,  and  the  things  which  are  circulating  in  the 
subtler  atmosphere  of  the  ether :  for  smell  alone  is  sufficient  to  shew 
them,  whether  the  meat  or  food  offered  them,  is  suited  to  their  nature 
or  not.  But  we  shall  speak  frirther  of  these  points  in  the  Part  on  the 
External  Sensoria. 

(w)  Vieussens  sometimes  makes  mention  of  muscular  fibres  as  ex- 
isting in  the  pituitary  membrane  itself,  within  the  cavity  of  the  nares 
(Neurogr,  Univ.,  lib.  i.,  cap.  xvi.)  ;  and  which,  if  they  do  exist,  are 
perhaps  continuations  from  the  velum  palati.  But  the  external  muscles, 
by  means  of  the  contraction  of  the  pinnse  and  cartilages,  are  quite  suf- 
ficient to  prohibit  the  influx  of  injurious  air.  Besides  which,  we  have 
the  power  of  stopping  our  nostrils  with  our  fingers;  of  suspending 


Digitized  by  VjOOQ IC 


THE    NOSE    AND   THE    UVULA.  21 

346.     III.  By  a  kind  of  tmison,  the  nares  regulate  the  artu 
culate  sounds  of  speech,  and  to  a  certain  degree,  as  it  were  by 
provisional  alee,  conspire  to  modify  the  words  themselves.     For 
the  sound  emitted  by  the  glottis^  and  taken  up  and  circum- 
scribed, under  the  direction  of  the  tongue,  by  the  velum  palati, 
and  shaped  according  to  the  boundaries  of  each  portion  thereof, 
speaking  generally  is  carried  out  along  the  hollow  arch  of  the 
mouth,  through  the  opening  of  the  Ups,  and  equally  also  escapes 
through  the  path  of  expiration,  or  the  nasal  openings;  this 
gives  rise  to  a  compound  sonorous  modification  of  the  voice, 
which  contributes  to  the  sharpness,  definition,  and  unison  of  the 
very  soimd ;  and  also  confers  upon  it  that  infinite  variety  which 
belongs  to  all  things.    We  may  learn  the  particular  nature  of 
this  sharpness  or  discrimination,  when  the  alae  of  the  nose  are 
compressed  or  dilated,  either  artificially  or  naturally  j  when  the 
passages  are  obstructed  by  stagnant  or  catarrhal  mucus;  or 
when  we  meet  with  individuals,  who  either  on  account  of  na- 
tional peculiarity  or  acquired  habit,  speak  more  or  less  through 
the  nares,  and  accompany  the  voice  uttered  by  the  mouth  with 
a  nasal  sound.     For  the  tremulous  vibration  of  sound  runs  over 
and  strikes  all  membranous,  cartilaginous  and  osseous,  and  more 
especially  all  elastic  parts,  with  wonderful  velocity  and  conti- 
nuity {x) :    thus  it  sweeps  uninterruptedly  over  the  pituitary 
membrane,  from  the  very  larynx,  all  the  way  to  the  foliaceous 
ossicles  of  the  nose,  and  carries  them  into  a  similar  but  higher 
vibration,  according  to  their  spring,  form,  and  mass ;  hence  we 
have  a  compound  modification  in  accordance  with  the  structure 
of  the  labyrinthine  recess  of  the  nares. 

847.  IV.  The  nares  clear  away  the  viscid  phlegm  from  the 
arteries,  in  order  that  a  pure  and  clean  blood  may  ascend  to  the 
sensoria  of  the  cerebrum,  and  to  the  other  sensoria  of  the  head. 
This  is  evident  from  the  numberless  arterial  ramifications  that 
pervade  the  palatine,  nasal,  or  pituitary  membrane,  and  indeed 
almost  entirely  construct  it  (y) ;  from  the  wedge-hke  confascicu- 

respiration  for  a  time;  of  turning  away  our  faces ;  or  of  removing  our- 
seWes  altogether  from  the  locality  of  the  noxious  exhalation. 

(x)  See  above,  note  (p). 

(y)  Such  is  the  abundance  and  luxuriance  of  arteries  in  the  pitui- 
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lation  of  these  little  arteries,  and  their  termination  in  excretory 
glands  {z) :  from  the  multitude  of  filaments  and  ducts  that  run 
over  the  membrane,  and  protrude  by  their  orifices  into  the  cavi- 
ties of  the  nares  (a) :  from  the  fungoid  and  cellular  texture  of 

tary  membrane,  that  one  would  be  inclined  to  say  it  was  composed  of 
nothing  else.  See  Ruysch's  Tabulae.  Vieussens,  who  agrees  with  me 
in  stating  that  this  membrane  abstracts  a  pituitary  and  mucous  humor 
from  the  blood  that  is  ascending  to  the  cerebrum,  speaking  of  the 
arteries  of  the  membrane,  has  the  following ;  "  This  membrane  is  sup- 
plied with  much  more  numerous  arterial  ramifications  than  the  other 
parts  of  the  mouth  ;  they  terminate  in  plexuses  not  unlike  those  of  the 
placenta"  {Neurogr,  Univ,,  lib,  i.,  cap.  xvi.)  The  same  inference  again 
may  be  deduced  from  the  common  office  of  this  organ,  (since  we  may 
pass  by  induction  from  the  general  to  the  particular,)  namely,  that  it 
carries  away  the  pituitae  of  all  the  organs  of  the  head,  and  therefore 
purifies  them,  both  in  the  whole  and  the  parts,  (but  by  two  ways,)  from 
the  ichorous  inundation. 

(z)  You  will  also  find  these  glands  figured  in  Ruysch's  Tabulae  men- 
tioned above,  n.  342.  "  The  excretory  ducts  [of  the  glandular  gra- 
nules]," says  "Winslow,  ''  are  very  long  near  the  septum  narium,  and 
their  orifices  very  visible"  (n.  340). 

(a)  It  is  evident  from  the  description  of  these  ducts  and  glands, 
that  they  absorb  and  carry  off  into  the  cavity  of  the  nares,  the  pituitary 
lymph  between  the  two  membranes ;  that  is  to  say,  between  the  pitui- 
tary membrane  and  the  periosteum,  and  also  the  lymph  that  b  flowing 
down  through  the  cellular  tissue  of  the  pituitary  membrane ;  for  the 
glands  appear  on  the  former  part,  but  the  orifices  of  the  ducts  on  the 
latter  especially.  Vieussens  speaks  of  these  ducts;  "We  observe 
on  this  membrane,"  says  he,  "  not  only  blood-vessels,  but  also  great 
numbers  of  short  ducts,  which,  in  consideration  of  their  office,  I  term 
vasa  mucifera.  These  are  principally  seen  on  that  portion  of  the  mem- 
brane which  is  appended  to  the  posterior  part  of  the  vomer,  and  of  the 
two  ossa  palati"  (Neurogr.  Univ.,  lib.  i.,  cap.  xvi.)  And  "Winslow 
says,  "  By  applying  a  blow-pipe  to  any  of  the  orifices,  the  ducts  may 
be  inflated  through  nearly  their  whole  extent"  (n.  340).  That  innu- 
merable foramina  open  in  the  cavities  of  the  nares,  is  also  declared  by 
Vieussens ;  *'  The  surface  of  this  membrane,"  says  he,  "  is  perforated 
in  many  parts  by  numerous  small  foramina ;  if  it  be  pricked  with  a 
needle,  or  squeezed  between  the  fingers,  mucus  immediately  exudes 
from  it ;  and  if  it  be  removed  and  placed  in  water,  it  imbibes  the  water 
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the  same  membrane  (6) :  from  its  continual  excitation  by  the 
varying  influent  air,  and  by  the  nidorous  [or  ammoniacal]  parts 
thereof,  which  either  sooth  or  firet  it :  lastly,  fix)ni  the  common 
trembling  of  all  the  parts,  when  the  tongue  and  larynx  are 
speaking.  Thus  the  nasal  organ  is  the  common  emunctory  and 
purificatory  of  the  blood  which  is  mounting  to  the  cerebrum ; 
and  of  that  which  is  turning  aside  to  the  organs  of  the  senses, — 
of  sight  particularly,  and  also  of  hearing  and  taste.  The  sali- 
vary glands,  indeed,  as  the  parotids,  the  maxillaries,  and  several 
others,  are  also  emunctories  of  the  same  blood,  but  subordi- 
nately  to  this  common  emunctory  (c).  The  nares  also  imme' 
diaiely  derive  Jrom  all  these  organs  the  ichorous  streams  that 
threaten  inundation ;  as,  for  instance,  from  the  eye.  This  is  plain 
firom  the  lacrymal  duct  or  sac  (d) :  fix>m  the  close  vicinity  of  the 
nose  to  the  eye :  from  its  intimate  connexion  therewith  by  means 

Hlte  a  sponge"  (Neurogr,  Univ,,  Ub.  i.,  cap.  xvi.)  Bat  these  foramina 
are  not  continuous  with  the  before-mentioned  ducts,  but  seem  to  come 
^rom  the  intermediate  cellular  tissue,  and  to  provide  a  passage  and 
outlet  for  all  the  lymph  that  is  poured  out  there,  or  flows  down  thither. 
(6)  Respecting  the  fungoid  structure,  see  Vieussens  above,  note  (a). 
Respecting  the  cellular  tissue,  Winslow  says,  '^  If  we  make  a  small 
opening  in  it  [the  membrane]  with  the  point  of  a  scalpel,  . . .  and  use 
the  blow-pipe,  we  discover  a  very  extensive  cellnbir  substance"  (n.  340). 

(c)  That  the  saUvary  glands  also  secern  the  pituitse  of  the  blood, 
see  Part  I.,  the  Chapters  on  the  Tongue,  the  Palate  and  the  Pharynx ; 
also  those  on  the  liver  and  the  Pancreas  ;  which  organs  likewise  reduce 
the  impure  blood,  and  convert  it  into  salivary  juices.  But  that  the 
pituitary  membrane  draws  off  the  grossest  faeces  of  the  blood,  is  plain 
from  the  excitative  causes  whence  the  attractive  [causes  in  this  part  are 
derived]  ;  we  mean,  from  the  continual  ingress,  transit  and  egress  of 
the  air ;  from  the  impulse  and  irritant  action  of  angular  particles  upon 
the  organs  of  smell ;  and  from  the  general  trembling  excited  by  sounds, 
&c.  No  excitation  similar  to  this  has  place  in  the  salivary  glands,  but 
they  are  stimulated  to  their  actions  by  the  motion  of  the  tongue,  par- 
ticularly during  eating ;  wherefore  they  are  only  subordinate  emunc- 
tories. From  the  excitative  causes  we  may  conclude  respecting  the 
quantity,  and  in  some  measure  also  respecting  the  quality  of  the  excre- 
tions from  the  arteries. 

(d)  Respecting  this  little  sac,  see  Heister,  n.  336 ;  Winslow, 
n.  340. 
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of  little  bones,  coats  and  muscles :  and  from  the  arterial  ramifi- 
cations which  come  ofiP  from  the  more  considerable  branches, 
and  run  to  the  eye(c).  Likewise /row  the  ear,  through  the 
Eustachian  tubes  (/).  Also,  from  the  sinuses  of  the  cranium, — 
from  the  frontal,  sphenoidal,  and  maxillary  sinuses, — and  per- 
haps, too,  interiorly  from  the  interstices,  cells,  openings,  and  clefts 
in  the  corresponding  and  other  bones  of  the  head  (ff).  That  the 
nares  derive  certain  streams  from  the  cavities  of  the  six  sinuses, 
is  rendered  probable  by  the  continuation  of  the  nasal  mem- 
brane ;  by  the  communication  of  the  air ;  and  by  the  visible  and 
discoverable  perforation.  And  that  an  exudation  is  conveyed 
between  the  membranes,  is  testified  by  their  loose  connexion 
with  each  other,  even  in  the  very  sinuses  of  the  bones ;  by  their 
expansion  into  vesicles  when  inflated  (A) ;  and  by  the  absorbent 
and  interfluent  ducts,  conveying  the  discharges  outwards  (i), 

(e)  It  is  worthy  of  remark,  that  the  arterial  branches  supplying 
the  eye,  come  principally  from  the  branches  that  go  to  the  pituitary 
membrane ;  thus  they  more  particularly  abstract  the  pituitse  from  the 
blood,  for  the  organ  of  sight.  The  same  conclusion  may  be  drawn 
from  other  phenomena,  as  from  the  fact,  that  the  sight  is  rendered 
remarkably  clear  by  the  use  of  snufT  and  other  stimulant  powders. 

(/)  That  certain  determinate  ducts  carry  off  the  serosities  of  the 
internal  ear,  and  also  the  air  itself,  particularly  from  the  cavity  of  the 
tympanum,  will  be  seen  in  the  Part  on  the  Organs  of  the  Senses. 

(ff)  There  are  perpetual  communications  between  the  nares  and  the 
innermost  parts  of  the  bones  ;  but  no  great  number  of  little  foramina 
have  yet  been  discovered ;  for  the  pituitary  membrane  ramifies  unin- 
terruptedly upon  the  very  leaves  and  cells  of  the  bones.  "  The  eth- 
moid bone,"  says  Winslow,  "is  of  a  very  fine  and  delicate  structure, 
although  compact  and  without  any  diploe ;  being  almost  entirely  com- 
posed of  divers  thin,  bony  plates.  It  is  connected  to  the  frontal, 
sphenoidal,  nasal,  maxillary  and  lacrymal  bones,  and  to  the  palate 
bone  and  the  vomer.  Its  use  is,  to  give  great  extension  to  the  pituitary 
membrane,  in  a  small  compass"  (Exp.  Anat,,  Tr,  dea  Os  Sees,  n.  252 
— 254).  It  would  also  seem,  by  its  fissures  and  foliaceous  interstices, 
to  afford  a  passage  for  the  humor  that  is  oozing  from  the  cellular  corn- 
pages  of  the  adjoining  bones. 

(h)  See  Verheyen,  Corp.  Hum.  Anat.,  tract,  iv.,  cap.  xx.,  and 
particularly  tab.  xxviii.,  fig.  4,  5. 

(i)  See  above,  note  (a). 
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348.  The  notes  draw  off  the  pituitary  lymphs  from  the  medul- 
lary and  corticcU  portions  of  the  cerebrum,  and  from  its  meninges 
or  membranes.  Of  this  we  are  fully  assured  and  convinced  by 
the  continuation^  connexion,  and  structure  of  all  these  parts ; 
by  the  determination  of  motion,  the  excitation  of  cause,  the 
manifest  permeability,  and  by  visible  eflFects :  the  continuation, 
namely,  and  production  of  both  the  meninges,  and  of  the  olfac- 
tory fibres,  from  the  pituitary  membrane,  through  the  foramina 
of  the  cribriform  plate,  over  the  whole  siuface  and  medulla  of 
the  cerebrum  (*).  The  connexion  and  commimication  of  the 
same  membranes,  with  all  the  interior  fibres  and  membranes, 
even  to  the   cortical  termini  (/).      The  plexiform  and  porous 

(Ar)  The  particular  passage  or  running-forth  and  extension  of  modi- 
fications and  subtle  vibrations  and  undulations,  is  to  be  inferred  from 
the  continuity  of  coherent  or  solid  parts,  particularly  of  solid  similar 
parts,  and  from  the  continuity  of  fluid  parts ;  consequently,  in  the 
animal  microscosm,  from  the  continuity  of  the  fibres  and  membranes, 
and  in  the  macrocosm,  from  the  continuity  of  the  particles  of  the  atmo- 
sphere. This  property  of  modifications  is  truly  amazing,  for  wherever 
impressed  or  originating,  they  pour  forth  along  everything  continuous 
and  contiguous,  and  only  when  exhausted,  either  by  gradual  diminution 
of  dasticity  or  increase  of  gravity,  do  they  die  away  and  cease  to  be 
perceptible.  If  then  we  are  to  judge  from  continuity,  it  appears,  that 
the  sensual  fibre, — ^in  the  present  case  the  olfactory  fibre, — is  continued 
without  any  interruption  through  the  fibres  of  themammiUary  processes, 
and  into  the  meninges  of  the  pia  and  dura  mater ;  for  the  fibrillary 
fascicuh  are  covered  over  in  their  course,  with  both  the  meninges,  as 
with  Uttle  sheaths.  See  n.  345  {p).  And  if  the  meninges  follow  the 
very  fibre  all  the  way  to  its  organic  ends,  that  is,  to  the  papillae,  and 
possibly  there  enswathe  the  first  minute  individual  sensoriola  with  some 
kind  of  most  fine  membranous  film,  or  connect  them  with  the  fibres, 
then  the  consequence  will  be,  that  when  the  Uttle  organ  is  touched, 
these  extremes  of  the  two  membranes  must  also  be  affected  by  the  con- 
tact, and  modified,  and  the  modifications  continued  inwards  into  the 
cerebrum.  And  if  this  be  the  case  with  the  fibre  and  the  two  meninges, 
then  the  humor  contiguous  to  them  must  necessarily  become  participant 
in  the  same  vibration. 

(/)  I(  as  we  have  just  said,  we  are  to  judge  of  the  extension  of 
the  olfactory  modification,  from  continuity  and  contiguity,  then,  taking 
anatomy  as  our  guide,  it  appears,  that  the  fibres  of  the  olfactory  nerves. 
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structure  of  the  medullary  substance  {m),  and  the  convoluted 
and  open  structure  of  the  cortical  substance  (n),  which  is  conti- 

if  they  are  not  absolutely  continuous  with  the  fibres  of  the  whole  me- 
dulla cerebri,  nevertheless  communicate  with  them  in  a  wonderful  man- 
ner ;  for  when  those  mammillae  or  processes,  (which  are  hollow  in  the 
seal,)  are  inflated,  the  whole  medullary  centre  of  the  cerebrum  expands, 
according  to  the  experience  of  Willis  ;  shewing  that  there  is  a  commu- 
nication between  the  olfactory  fibres  of  the  nose  and  the  whole  medullary 
fibre  of  the  cerebrum.  That  this  communication,  however,  is  only  general, 
and  indeed,  with  the  fascicuU,  lamellse  or  plexuses  of  those  fibres,  will 
be  shewn  in  the  Part  on  the  Cerebrum ;  consequently  that  it  is  a  com- 
munication with  all  the  interstices  of  the  fasciculi  or  plexuses  through 
which  a  constant  stream  of  gross  and  pituitary  lymph  is  flowing.  If 
then  there  be  such  a  communication  with  the  universal  compages  of  the 
medullary  substance,  then  of  consequence  there  is  a  communication 
thereby  with  the  cortical  substance  itself,  which  is  the  source  of  the 
fibres.  The  same  conclusion  may  be  deduced  from  the  place  where 
these  processes  have  their  roots  or  origins,  namely,  between  the  corpora 
striata  and  the  thalami  nervorum  opticorum ;  which  situation  b  the 
meeting-place  and  common  forum  of  all  the  fibres  that  descend  to  the 
medulla  oblongata.  But  with  respect  to  the  membranes,  the  dura 
mater  communicates  throughout  with  the  pia  mater  entirely  by  the 
interchange  of  filaments  and  vessels ;  while  the  latter  communicates  more 
immediately  with  every  portion  of  the  cortical  substance.  Thus  there 
is  a  double  or  triple  communication  between  the  olfactory  fibres  and  the 
cortical  substance ;  namely,  by  the  fibre,  and  by  the  meninges  :  hence 
in  the  cortical  substance  itself,  which  occupies  the  place  of  a  centre  of 
all  things,  there  is  a  meeting  of  the  modifications.  From  these  con- 
siderations it  follows,  that  a  similar  action  is  communicated  to  the 
whole  of  the  interfluent  and  contiguous  pituitse  ;  for  not  only  sensuous 
modification,  but  also  those  other  more  violent  modifications  which  are 
properly  termed  tremors,  penetrate  thither. 

(m)  We  shall  shew  in  the  Part  on  the  Cerebrum,  that  its  medullary 
substance  is  exceedingly  porous,  and  being  plexiform,  therefore  per- 
meable in  various  directions  from  one  extremity  to  the  other ;  and  that 
the  larger  passages  or  channels  run  continuously  towards  the  roots  of 
the  mammillary  processes. 

(n)  The  convolutions  of  the  cerebrum,  formed  by  the  joint  dispo- 
sition of  the  cortical  glands,  are  not  unknown  to  even  tyros  in  anatomy. 
All  these  convolutions  intercommunicate,  and  by  a  continuous  spire  of 
circumvolution  are  determined  to  the  two  extremities  of  the  axis ; 
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nuallj  moistened  by  dripping  arteries :  likewise^  the  extensive 
cavity  between  the  two  meninges.  The  determination  of  motion, 
namely^  firom  the  whole  of  the  centrum  ovale^  or  medullaiy 
globe,  towards  the  roots  or  origins  of  the  mammillary  processes, 
and  firom  them,  as  well  as  from  the  whole  convoluted  circum- 
ference, to  the  cribriform  plate;  as  it  were  firom  levers  and 
peripheries,  through  determinate  paths,  to  a  centre  of  gravity 
and  rest ;  which  line  of  direction  all  the  fluids  of  the  cerebrum 
equally  as  of  the  body,  are  bound  to  follow  (o).  The  excitation 
of  cause, — ^firom  the  air  attracted  alternately ;  firom  the  contact 
and  stimulus  of  odoriferous  particles ;  firom  the  tremulous  vibra- 
tion of  the  laryngeal  sound :  all  which  pervade  every  continuum, 
and  excite  the  animations  of  the  cerebrum  to  reciprocations 
synchronons  with  the  respirations  of  the  lungs ;  thus  giving  rise 
to  a  perpetual  determination  of  the  contiguous  and  enclosed 
humor,  to  its  natural  reservoirs  and  outlets,  consequently  to- 
wards the  cribriform  plate  (^);  in  which  there  is  a  manifest 

namely,  to  the  fourth  sinus,  and  to  the  cribriform  plate.  Hence,  if  a 
stream  of  humor  pass  along  the  course  of  the  furrows,  and  the  unend- 
ing flux  of  the  convolutions,  it  cannot  but  be  carried  to  the  cribriform 
plate,  which  is  in  one  axis  of  those  spires.  Consequently,  if  any  fluid 
be  passing  between  the  two  meninges,  then  such  fluid,  occupying  the 
natural  channel  of  the  fluxion  and  derivation,  and  following  the  gyres 
of  the  convolutions,  must  be  determined  to  the  crista  galli  or  spina 
coronalis,  as  its  ultimate  port  and  asylum ;  for  this  spot  is  the  first  and 
last  boundary  both  of  the  sinuses  and  processes  of  the  dura  mater,  and 
of  all  the  convolutions  of  the  two  hemispheres  of  the  cerebrum.  Grant- 
ing, therefore,  the  alternate  constriction  and  expansion  of  the  cere- 
brum, consequently,  the  alternate  opening  out  and  contraction  both  of 
the  convolutions  on  the  surface,  and  the  channels  in  the  interior,  then  it 
foDows,  according  to  the  natural  laws  of  hydraulics,  that  there  is  a 
moring  forward  of  the  intercepted  fluid  or  pituitae  towards  this  ultimate 
goal  or  station. 

(o)  According  to  the  statements  just  made,  the  anatomical  experi- 
ence proper  to  which  will  be  given  in  the  Part  on  the  Cerebrum. 

(p)  It  will  be  seen  presently,  that  the  cribriform  plate  occupies,  or 
is  situated  at,  the  extremity  of  the  axis  of  the  whole  of  the  cerebrum, 
and  that  on  the  outside  of  the  ethmoid  bone  it  is  continued  to  the  axis 
of  the  body  extending  into  the  thorax :  and  we  have  shewn  already 
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permeability  between  the  fibrillary  filaments^  and  between  the 
two  meninges  which  accompany  them  outwards  to  their  or- 
ganic terminations  in  the  form  of  Uttle  distinct  sheaths ;  and 
which,  actuated  by  the  alternate  motion  of  the  cerebrum,  by  a 
kind  of  pumping  action,  afford  the  lymphs  an  opportunity  of 
passing  alternately  through  their  minute  interstices  (g).    We 

thoughout  our  Analyses  that  all  fluid  that  passes  through  the  pipes  and 
continuous  foramina  in  the  animal  body,  tends  by  a  natural  determina- 
tion towards  the  axis,  and  from  the  axis  to  its  extremity.  Consequently, 
should  any  humor  be  collected  in  any  part,  within  either  the  pulpy 
medulla,  or  the  granular  circumference  of  the  cerebrum,  or  between 
the  menmges,  such  humor  is  necessarily  forced,  by  the  alternate  ani- 
mation of  the  cerebrum,  to  the  extremity  of  its  axis ;  the  more  espe- 
cially, since  yarious  external  causes  operating  to  excite  the  cerebrum  to 
the  reciprocal  movements  of  respiration,  exist  in  the  nasal  cavities,  where 
the  extremities  of  the  fibrillee  and  of  the  meninges  of  the  cerebrum 
are  nakedly  exposed  to  divers  impulses. 

(q)  There  cannot,  I  think,  be  any  reasonable  doubt  with  respect  to 
the  permeation  of  humor  between  the  two  membranes,  the  pia  and  dura 
mater,  even  in  the  very  foramina  of  the  cribriform  plate,  where  the 
membranes,  laid  and  appHed  one  upon  the  other,  bsue  out  to  the  pi- 
tuitary membrane ;  were  there  any  concretion  or  growing  together  of 
the  membranes,  there  could  be  no  possible  distinctness  in  the  sense  of 
smelling.  Upon  the  cerebrum  itself  these  two  membranes  are  perfectly 
distinct  from  each  other ;  consequently  they  are  also  distinct  in  those 
places  where  they  appear  to  be  more  closely  united.  If  there  be  a 
space  intervening,  of  course  all  the  humor  that  is  contained  between 
the  membranes,  must  be  carried  thither  along  the  stream  of  determina- 
tions, and  consequently  must  tend  to  enter  those  interstices  :  and  not 
alone  between  the  membranes,  continuously  from  the  common  cavity 
between  the  same,  but  also  between  the  fibres  under  the  pia  mater 
itself ;  for  every  fibre,  and  every  fasciculus  of  a  fibre,  is  divisible  from 
its  fellow,  and  acts  distinctly ;  were  it  otherwise,  there  could  be  no  dis- 
tinct vital  operations.  Granting,  then,  the  alternate  expansion  and 
constriction  of  the  cerebrum,  we  also  grant  the  alternate  elongation  and 
contraction  of  the  fibres  and  fasciculi,  consequently  the  alternate  open- 
ing and  closing  of  the  interstices, — ^the  interstices,  namely,  between  the 
fibres  enclosed  in  the  pia  mater,  and  also  between  the  membranes  them- 
selves in  these  little  foramina ;  consequently,  again,  we  grant  a  species 
of  reciprocal  pumping,  such  as  cannot  by  possibility  exist  in  collapsed 
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are  also  convinced  of  the  same  thing  by  vmble  effects;  namely, 
by  the  sensible  vermination  and  creeping  of  the  catarrhal  humor 
which  comes  firom  the  cerebrum ;  by  its  derivation  towards  this 
part  of  the  surface  of  the  face ;  by  its  discharge  into  the  antra 
or  cavities  of  the  nares ;  or  in  case  these  are  closed  up,  into  the 
nerves  of  some  other  region  (r);  by  its  more  full  and  rapid 

and  dead,  but  only  in  living  and  breathing  brains.     Judging  from  the 
dead  subject,  Vieussens  and  others  after  him  have  erroneously  formed  a 
contrary    opinion ;  and  some  call  this  transpiration  in   question ;  as 
Heister,  who  says,  "  Whether  the  nares  let  out  the  pituita  or  blood 
from  the  cerebrum,  as  the  ancients  and  Slevogt  will  have  it  they  do, 
or  not,  is  still  a  matter  of  doubt."  (Camp.  Jnat,,  n.  286.)     Merely 
for  this  reason,  that  when  the  head  of  the  dead  subject  is  held  down- 
wards, no  pituitary  humor,  or  spirit  of  wine  gently  thrown  in,  is  ob- 
served to  escape !     But  hitherto,  so  far  as  my  knowledge  extends,  the 
attempt  has  never  been  made  with  fluid  injections  thrown  in  between 
the  meninges,  before  a  sufficient  time  has  elapsed  for  the  parts  to 
become  agglutinated ;  or  before  they  have  collapsed  so  firmly  as  to 
block  up  the  passage,  and  begun  to  repel  the  fluid  thrown  in,  by  a  fold- 
ing or  reaction  caused  by  the  force  of  the  injection.     Hence  I  fear  the 
right  conclusion  has  been  too  stoutly  and  obstinately  resisted,   although 
fully  borne  out  by  plain  facts  and  phenomena.     Tell  me,   I  beseech 
you,  what  other  place  of  discharge  has  been  discovered.     On  the  other 
hand,  we  know  that  it  b  undeniable  that  there  is  a  continual  afflux  of 
lymph  between  the  membranes,  and  under  the  pia  mater,  between  the 
convolutions,  and  in  the  medullary  substance  itself;  to  say  nothing  of 
the  lymph  in  the  ventricles,   from  which  the  humor  is  carried  off 
through  other  secret  ways.    In  no  part  of  the  cerebrum  or  its  meninges 
do  we  find  venous  orifices,  such  as  absorb  collections  of  pituita,  but 
arterial  structure  prevails  throughout,  and  gives  off  its  excretions ;  nor 
b  there  any  passage  in  the  direction  of  the  sutures,  nor  through  the 
transverse  septum  into  the  chamber  of  the  cerebellum,  and  this  way 
into  the  spinal  marrow ;  still  less  through  the  dura  mater,  by  oblique 
channels  to  the  bony  cranium,  from  which  all  pituita  of  the  kind  is 
carefully  kept  away.   But  this  discussion  respecting  the  olfactory  nerves 
is  merely  preliminary ;  we  shall  canvass  the  subject  point  by  point,  and 
more  fully,  in  the  Part  on  the  Cerebrum. 

(r)  Nothing  is  more  common  in  northern  climates  than  the  percep- 
tion of  the  creeping  of  catarrhal  humor  in  the  cerebrum,  and  its  sensi- 
bly-felt derivation  into  the  nares.     I  should  fall  short  of  the  truth  were 
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escape  upon  the  application  of  sternutatory  substances ;  in  fact, 
by  the  very  phenomena  of  sneezing  {s) :  also,  by  the  existence 
of  ichorous  collections  between  the  membranes,  in  the  sponge- 
like medullary  substance,  and  in  the  ventricles,  as  observed  in 
post  mortem  examinations  of  the  brains  of  those  who  have  died 
of  apoplexy,  epilepsy,  paralysis,  or  hydrocephalus;  and  whose 
restoration  to  health  would  be  a  matter  of  impossibility,  unless 
this  outlet  for  discharge  could  be  properly  opened. 

349.  V.  By  an  extrinsicaUy  impiUsive  force,  the  nares  excite 
the  cerebrum  to  its  proper  reciprocal  animations,  synchronous  with 
the  respirations  of  the  lungs.  Of  this  we  are  likewise  assured  by 
the  causes  of  the  former  effect  (/),  which  are,  indeed,  common 
to  this  its  fellow ;  that  is  to  say,  by  the  continuation,  connexion, 
and  communication  of  the  fibres  of  this  organ,  with  all  the 
parts,  individually  and  collectively,  in  both  the  medullary  and 
cortical  portions  of  the  cerebrum :  by  the  perpetual  irritation, 
so  long  as  we  breathe  the  breath  of  life,  arising  from  the  air 
charged  with  odors,  and  by  its  varying  afflatus  and  contact, 
affecting,  titillating,  twitching,  and  pricking  the  organic  tissue, 

I  to  say  that  I  have  myself  experienced  it  more  than  a  handred 
times. 

{s)  From  the  phenomena  of  sneezing,  which  is  the  greatest  expan- 
sion, and  the  sudden  constriction,  of  the  cerebrum  and  the  lungs,  we 
may  see  what  are  the  lesser  effects  and  exciting  causes  of  respiration  ; 
for  the  cause  is  the  same  in  both  cases,  and  the  difference  is  only  a 
difference  in  degree, — the  difference  between  great  and  small.  The 
greatest  degree  of  tidllation  and  stimulation  excites  a  total  elevation,  as 
it  were,  a  convulsion  of  the  cerebrum ;  a  lesser  degree  excites  a  similar 
but  more  slight  effect.  It  is  a  plain  matter  of  experience,  that  the  dura 
mater,  and  consequently  the  hemispheres  of  the  cerebrum,  are  violently 
contracted  and  expanded  in  sneezing ;  for  in  wounds  of  the  head,  where 
portions  of  the  calvarium  have  been  lost,  the  contraction  of  this 
membrane  is  sensible  under  the  finger,  and  even  visibly  perceptible. 
Thus  the  purification  of  the  cerebrum  from  humor,  and  the  discharge 
thereof  through  the  manifold  natural  outlets  of  the  cribriform  plate, 
as  well  as  from  the  other  cavities  and  sinuses,  must  certainly  take 
place ;  being  a  necessary  consequence  of  such  contractile  and  expansile 
motion. 

{t)  Respecting  which,  see  above,  n.  348. 
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in  general  and  in  particular^  and  occasionaUy  rousing  both  the 
cerebrum  and  the  lungs  to  almost  convulsive  expansions  and 
constrictions  (ti).      But  there  are  diflFerences  in  this  respect  in 
different  living  creatures :   the  human  race  has  the  power  of 
respiring  througli  the  mouth  as  well  as  through  the  nose ;  in 
order  that  the  cerebrum  may  be  excited  to  its  alternate  recipro- 
cations of  elevation^  solely  by  causes  within  its  own  power, — by 
internal  causes, — and  not  at  the  same  time,  except  so  far  as  it 
wills,  by  external  causes  {ai) :  so  that  nothing  may  sever  or  in- 
terrupt the  analyses  of  its  rational  mind,  and  their  tacit  and 
quiet  guidance  (y).     In  confirmation  of  this  fact  we  may  also 
add  that 

(«)  I  mean,  to  sneezing,  which  is  the  greatest  degree  of  expansion 
and  constriction  of  the  cerebrum.     See  above,  note  («). 

(x)  In  order  to  the  knowledge  and  exploration  of  causes  from 
effects,  it  is  of  the  first  importance  to  know  the  influx  and  cooperation 
of  the  causes  of  any  given  effect ;  but  this  is  a  subject  of  vast  exten- 
sion. We  must  here  confine  ourselves  to  stating,  that  causes  are  divi- 
sible into  innermost,  middle,  and  outermost.  In  order  that  the  cause 
may  produce  the  effect,  all  these  must  necessarily  cooperate.  The 
innermost  are  the  proper  causes  of  the  efficient, — they  are  the  causes 
belonging  to  the  very  principle ;  but  the  outermost,  although  evoked 
by  proper  causes,  nevertheless  should  not  be  termed  proper  excepting 
with  respect  to  their  descent  and  evocation.  The  innermost  causes  act 
most  individually,  that  is  to  say,  separately  or  singly  upon  every  indi- 
vidual part ;  but  the  outermost  causes  act  upon  all  the  parts  generally : 
thus  the  outermost  represent  the  common  bond  of  singulars.  To  give 
an  example :  the  cerebrum,  from  the  causes  belonging  to  its  principle, 
whether  that  principle  be  nature  or  the  will,  excites  each  substance  of 
the  cortex  and  each  fibre  to  a  species  of  animation ;  yet  the  cerebrum 
requires  also  to  be  excited  to  the  same  reciprocations  by  some  other 
and  general  principle ;  as  in  the  present  case,  by  the  air  flowing  into 
the  nasal  cavities,  which  operates  in  a  general  manner,  not  only  upon 
the  whole  of  the  fibres,  but  also  upon  the  whole  of  the  meninges,  and 
by  this  means  upon  the  cortical  cerebrum,  where  the  principles  with 
their  powers  reside.  The  cerebrum  acts,  by  the  fibres,  upon  all  the 
veriest  particulars  of  the  body ;  the  lungs  also  act  upon  the  same,  but 
only  upon  the  general  compages  of  the  fibres,  thus  upon  the  organs 
formed  by  the  fibres.     So  in  all  other  cases. 

(y)  Every  one  knows  from  his  own  experience,  that  while  his  mind 
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350.  VI.  The  nasal  cavity  and  prominence,  like  a  cynosure, 
terminate  and  complete  a  common  axis.  This  proposition  is 
proved  by  the  situation  of  the  ethmoid  bone,  and  its  connexion 
with  the  coronal,  the  sphenoid,  the  two  maxillary,  and  the 
lacrymal  bones,  and  with  the  palate  bone  and  the  vomer,  to 
which  it  serves  as  a  boundary,  common  bond,  fixed  point,  and 
wedge  [z] ;  also  by  the  articulation  of  the  other  bones  by  means 
of  sutures,  particularly  by  means  of  the  frontal  suture  in  young 
subjects  (a).     That  the  cribriform  plate  of  the  ethmoid  bone  is 

is  revolving  its  ideas  or  reasons,  and  thinking  intently,  he  retains  or 
suspends  the  respirations  of  the  lungs,  consequently  also  the  breathing 
of  the  cerebrum,  for  a  considerable  interval ;  and  takes  every  means  to 
prevent  any  deep  inhalation  of  the  air,  from  disturbing  its  rational 
analyses  or  analytic  equations.  For  when  the  mind  is  in  this  state,  it 
demands  the  most  profound  silence  and  the  most  perfect  quiet.  This 
suspension  of  breathing  takes  place,  in  order  that  everything  of  the 
grosser  blood  may  be  driven  away,  or  kept  at  some  distance,  from  the 
innermost  organs ;  for  the  blood  penetrates  deeply  when  the  cerebrum 
breathes  or  animates  deeply.  Hence  man  enjoys  the  power  of  trans- 
mitting the  pulmonic  breath  through  the  aperture  of  the  lips,  and 
through  the  mouth ;  and  thus  the  external  cause  is  prevented  from  ex- 
citing the  internal,  (as  it  does  in  brutes,)  and  the  internal  is  constantly 
enabled  to  call  forth  or  evoke  the  external. 

{z)  This  is  sufficiently  shewn  by  the  facts  of  osteology.  The  bones 
of  the  cranium  are  mutual  props  and  supports  to  each  other ;  and  each 
bone  has  its  middle  terminus,  which  it  respects  as  a  centre ;  for  both 
in  the  part  and  in  the  compound  there  is  a  perpetual  respect  of  centres, 
axes  and  circumferences,  which  results  in  the  unbroken  nexus  and 
correspondence  of  all  things.  With  respect  to  the  cribriform  plate  of 
the  ethmoid  bone,  Winslow  says,  "  The  middle  part  of  this  portion  of 
the  ethmoid  bone  is  a  small  horizontal  lamina,  perforated  by  several 
foramina,  and  termed,  cribriform  plate ;  posteriorly  it  has  a  Uttle  notch 
for  its  articulation  with  the  sphenoid  bone.  This  plate  may  be  looked 
upon  as  the  body  and  support  of  the  whole  bone"  (Exp,  Anat,,  Tr, 
dea  Os  Sees,  n.  245).  In  the  skeleton,  the  prominence  of  this  part  is 
particularly  conspicuous,  and  we  see  clearly  that  it  proceeds,  as  the 
extremity  of  an  axis,  from  the  point  of  junction  of  the  other  bones. 

(a)  The  sutures  respect  each  other  mutually,  in  the  same  manner 
as  the  bones.  In  embryos  and  infants  we  generally  find  a  suture  run- 
ning from  the  sagittal  suture  towards  the  ethmoid  bone,  and  going  to 
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moreover  placed  at  the  extremity  of  the  axis  of  the  cerebrum 
itself  and  its  membranes^  is  shewn  by  the  longitudinal  sinns^ 
and  the  fiedcif orm  process  of  the  dura  mater ;  by  the  serpentine 
gyres  of  the  hemispheres ;  likewise^  by  the  median  fissure^  run- 
ning &om  the  fourth  ventricle,  through  the  aqueduct  of  Sylvius, 
the  third  ventricle,  and  the  septum  lucidum,  to  the  fissure  of 
the  anterior  convexities  of  the  cerebrum  (4) ;  all  of  which  have 
their  starting-place  and  goal  at  the  crest  and  plate  of  this  bone : 
also,  by  the  communication  of  the  mammillary  processes  with 
the  whole  of  the  medullary  nucleus  and  of  the  cortical  circum- 
ference (c).     The  nares  also  institute  and  begin  the  common  axis 
which  runs  from  the  head  into  the  thorax,  as  well  as  that  which  runs 
into  the  abdomen;  to  wit,  through  the  larynx  and  the  trachea  to 
the  lungs,  and  through  the  pharynx  and  the  oesophagus  to  the 
stomach;   which  ways  the  pituitary  membrane  continuously 
follows,  lays  down  and  smooths,  from  the  superior  boundary  of 
the  axis,  fax  beyond  their  respective  thresholds  {d).     From  such 

the  dorsum  of  the  nose ;  and  which  sometimes  unites  with  another 
that  comes  round  from  the  coronal  suture  to  the  orbits.  These  very 
sutnres  or  articulations,  Uke  the  bones  themselves,  are  indications  of 
mutual  relations  and  directions. 

(6)  All  these  particulars  will  be  clearly  explained  in  the  Part  on  the 
Cerebrum.     See  below,  note  (<f). 

(c)  These  points  were  treated  of  in  the  preceding  paragraph. 

{d)  It  may  be  proper  to  indicate,  at  this  preUrainary  stage  of  our 
investigations,  that  two  very  remarkable  axes  are  observed  in  the  cere- 
brum :  one  runs  from  the  crista  galli,  along  the  longitudinal  sinus  and 
the  faldfonn  process  of  the  dura  mater,  that  is  to  say,  along  the  great 
fissure  of  the  hemispheres,  all  the  way  to  the  fourth  sinus  or  torcular 
Herophili ;  the  other  runs  in  the  middle  or  central  portion  of  the  cere- 
brom,  from  the  fissure  of  the  anterior  convexities, — ^thus  Hke  the  former, 
from  the  region  of  the  crista  galli  or  cribriform  plate, — through  the  sep- 
tum lucidum,  the  third  ventricle,  and  ultimately  through  the  fourth, 
all  the  way  to  the  spinal  marrow,  and  is  a  hollow  axis,  but  intercepted 
by  divers  partitions.  The  very  surface  of  the  cerebrum,  convoluted  as 
it  is,  and  wound  into  serpentine  spires,  and  the  whole  of  its  interior  or 
medullary  portion,  respect  these  axes  as  continual  goals,  to  which  with 
one  accord  they  tend.  The  cerebellum  refers  itself  to  the  spinal  mar- 
row, as  a  kind  of  axis  continued  from  itself.     But  in  the  body  there 

VOL.  II.  PART  II.  CHAP.  I.  D 
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continuity,  connexion,  and  commnnication  in  the  extreme 
boundaries^-^in  the  last  boundary  of  the  head,  and  the  first 
boundary  of  the  body, — ^there  exists  a  common  correspondence 
of  all  things,  and  the  same  correspondence  is  excited  alternately 
by  the  contact  of  the  air  or  breath  as  it  passes  by. 

351.  VII.  Thus,  from  the  uUknate  boundary  oftMi  axis,  the 
nares  trwucribe  the  cerebrum  into  the  face,  and  give  it  the  power  of 
picturing  its  affections  upon  the  surface  or  countenance  thereof 
For  fix)m  this  boundary,  as  a  kind  of  pole  or  centre,  the  cere- 
brum evolves  itself  into  new  circumferences,  and  in  order  to  be 
continuous  with  them,  it  produces  its  axis  into  a  beaked  protu- 
berance,— ^in  fact,  into  a  nose, — and  perforates  this  nose  with 
cavities,  divides  these  cavities  from  each  other  by  a  septum,  fur- 
nishes them  with  alse,  and  connects  them,  by  means  of  coats, 
ligaments,  and  muscles,  with  the  Ups,  cheeks,  eyebrows,  and 
forehead,  suitably  to  every  idea  of  the  animal  mind^s  representa- 
tion (e).     Hence  correspondence,  symmetry,  beauty ;  and  a  na- 

seems  to  be  three  general  axes  proceeding  from  the  ethmoid  bone ;  one 
mnning  through  the  pharynx  and  the  oesophagus  into  the  stomach,  and 
which  serves  as  an  axis  in  the  whole  of  the  cavity  of  the  abdomen,  as 
we  shewed  in  the  Chapter  on  the  Peritonaeum :  the  second  passing 
through  the  larynx  and  the  trachea  into  the  Inngs,  which  are  the  general 
beginning  or  principle  of  sll  the  motions  of  the  body :  the  third  going 
towards  the  spinal  marrow,  which,  as  we  before  observed,  is  the  axis  of 
the  cerebellum.  That  there  is  also  some  passage  thither  from  the  cavi- 
ties of  the  nares,  may  be  gathered  from  an  observation  of  Winslow. 
**  The  particular  situation  of  these  cavities,"  says  he,  **  deserves  our 
attention  :  the  bottom  of  them  runs  directly  from  before  backward,  so 
that  a  straight  and  pretty  large  stilet  may  very  easily  be  passed  direct 
from  the  tip  of  the  nose,  as  far  as  under  the  great  apophysis  of  the  occi- 
pital bone"  (n.  340). 

(e)  The  proper  muscles  of  the  nose  are  two  dilators,  the  pyrami- 
dalis  and  the  myrtiformis ;  also  one  constrictor,  figured  by  some  anato- 
mists, and  named  by  Brown,  cormgator  nasi ;  to  which  we  may  add, 
the  semilunar  or  falciform  muscle  of  Eustachius,  represented  in  his 
Tabut,  Anat.,  tab.  xviii.,  fig.  3.  In  the  plates  of  Eustachius  and  other 
authors,  as  Ck>wper,  Bidloo,  Brown  and  Santorinus,  we  see  that  nearly 
all  the  labial  and  the  frontal  and  palpebral  muscles  communicate  by  a 
wonderful  influx  with  the  nasal  muscles.     See  Eustachius,  Ibid.,  tab. 
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tural  and  instinctive  divination  from  the  form  of  this  prominence 
respecting  the  cerebrum,  or  respecting  its  animal  mind,  which 
in  the  feuoe,  constitutes  expression  (/). 

352.  The  uvula  is  a  conical  and  pointed  corpuscule,  hang- 
ing like  a  plummet  or  inverted  balance,  from  the  junction  of 
the  arches  and  columns  of  the  velum  palati ;  like  an  elongated 
drop  or  tear  from  the  roof  of  the  nasal  chamber ;  provided  with 
great  numbers  of  muscles,  termed  musculi  staphilini,  which 
arise  from  the  pharynx,  the  larjmx,  the  root  of  the  tongue,  the 
palate,  and  the  Eustachiau  tube ;  frimished  with  numerous  ves- 
sels; excavated  by  little  mucous  crypts;   surrounded  by  the 
membranes  of  the  palate  and  nares ;  reaching  forwards  to  the 
root  of  the  tongue ;  flexible,  capable  of  elevation,  relaxation, 

xi.  and  xvui.  Thus  confinmng  our  proposition,  that  the  whole  face, 
by  means  of  the  muscles,  refers  itself  to  the  nose,  as  a  kind  of  pro- 
minent axis.  But  it  was  pointed  out  above,  in  our  Chapter  on  the 
Mouth  and  Lips,  that  the  labial  orifice  occupies  the  place  of  a  kind  of 
centre,  the  circumference  of  which  centre  is  moveable,  and  that  by 
means  thereof  the  face  acquires  the  capacity  and  power  of  representing 
infinite  species  of  motions  or  expressions.  On  the  other  hand,  the 
uppermost  part  or  root  of  the  nose  is  an  immoveable  centre,  from  which 
a  radiation  takes  place  to  all  points  of  the  face  as  circumferences ;  which 
is  the  reason  why  there  is  so  close  an  intercourse  between  these  two 
centres ;  for  nearly  all  the  nasal  muscles  operate  upon  the  labial  mus- 
cles, and  ffice  verad.  Every  one  may  experience  this  in  his  own  person ; 
for  the  al»  nasi  cannot  be  expanded  without  a  simultaneous  opening  of 
the  Hps,  nor  can  the  two  be  compressed  except  together. 

(/)  Thus  we  observe  various  classes  of  noses, — some  aquiline,  long 
and  hooked,  some  pinched ;  others  again,  turned  up,  crooked,  bulbous, 
retracted,  grooved  or  double ;  others  again,  small,  sometimes  so  small 
as  to  consist  of  little  more  than  alee ;  and  if  these  forms  be  congenital, 
not  attributable  to  the  mother's  influence  during  pregnancy,  we  shall 
rarely  be  deceived  in  judging  from  them.  For  if  the  state  of  the  animal 
mind, — ^whether  it  be  anger,  or  melancholy,  or  sorrow  of  any  kind, 
or  pride,  or  shame,  or  disgust,  or  contempt,  or  gladness,  benevolence, 
kindness,  or  the  like, — ^be  cognizable  from  alterations  in  the  counte- 
nance, then  of  course  a  very  similar  form  in  general  must  be  commu- 
nicated to  the  infant  by  the  nature  hereditarily  propagated  from  its 
parents.  It  does  not,  however,  seem  that  this  rule  ought  to  be  ex- 
tended to  anything  beyond  the  signs  of  the  disposition  or  animal  mind. 

d2 
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contraction  and  extension^  and  determinable  to  all  the  modes  of 
the  tongue,  the  pharynx,  the  larynx,  and  the  palate,  when  these 
parts  are  in  action ;  particularly  and  proximately  to  the  modes 
of  the  velum  palati.  Its  uses  are.  Firstly ,  to  give  the  velum  pa- 
lati  the  full  power  of  accommodating  itself  to  the  actions  of  the 
tongue  in  eating,  and  of  the  pharynx  in  swallowing  [g) :  this 
end  being  answered  by  the  glosso-staphilini  and  pharyngo-sta- 
philini  muscles,  assisted  by  the  palato-staphilinus  and  the  azygos 
Morgagnii  (A) ;  also  by  its  membranes,  continuous  with  the  in- 
teguments of  the  mouth  and  fauces.    Secondly^  likewise  to  assist 

(y)  The  uvula  appears  to  do  no  more  than  bestow  upon  the  velum 
palati  the  opportunity  and  power  of  accommodating  itself  to  the  respec- 
tive modes  of  the  tongue  in  eating  and  speaking.  It  is  only  a  pendulous 
corpuscule,  capable  of  elevating  itself,  contracting  and  expanding ;  but 
like  a  plummet  or  balance  it  lends  and  communicates  to  the  velum  par 
lati,  a  wonder^l  readiness  and  faculty  of  application.  It  is,  in  fu^,  a 
perfectly  moveable  apex,  to  which  the  divers  actions  of  the  velum  can 
in  an  instant  be  concentrated,  and  thus  the  velum  be  nimbly  inflected 
and  folded  to  suit  the  minutest  variations  of  the  tongue  and  the  pha- 
rjmx ;  which  would  be  very  difficult  of  accomplishment  without  some 
weight  or  poise  of  the  kind :  for  the  circumferences,  scattered  all  round, 
obtain  their  ability  of  moving,  from  the  moveable  axis ;  inasmuch  as  it 
receives  all  the  vibrations  and  inflections,  as  well  as  accommodates  itself 
thereto.  The  velum  palati  closes  the  passage,  either  to  the  larynx,  or 
to  the  nares,  or  to  the  Eustachian  tube,  or  to  the  pharimx ;  but  not  so 
the  uvula,  which  turns  like  a  balance  according  to  all  the  little  motions 
of  its  scales.  Respecting  the  velum  palati,  and  the  palatine  arches  and 
columns,  and  respecting  the  manner  in  which  the  uvula  depends  there- 
from, see  Winslow,  n.  341.  But  no  author,  I  think,  has  more  dili- 
gently and  successfully  than  Boerhaave,  investigated  the  foldings  of  the 
velum  palati,  and  the  various  determinations  of  it  and  the  uvula,  both 
when  the  tongue  is  eating  and  speaking.  See  his  Inst.  Med.,  n.  70, 
71.  For  Boerhaave  has  taken  the  opportunity  of  examining  the  parts 
under  these  circumstances  with  a  lighted  candle ;  and  has  shewn  how 
readily  this  little  cone  accommodates  itself  to  the  various  actions  of  the 
velum.  Indeed  to  him  I  principally  owe  my  knowledge  of  the  uses  of 
this  oorpuscule. 

(A)  According  to  myologists,  the  glosso-staphilinus,  arising  from 
the  root  of  the  tongue,  ascends  towards  the  palate  and  velum  pa- 
lati.   The  pharyngo-staphilinus,  arising  from  both  sides  of  the  pha- 
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the  Telum  or  claustrom  palati^  when  the  larynx  is  articulating, 
and  tte  tongue  regulating,  sound :  this  end  being  answered  by 
the  glosso-staphilini,  the  thyro-staphilini,  the  salpingo-staphilini, 
and  the  pterygo-staphilini,  assisted  by  the  palato-staphilinus  (i)  : 
and  hereby  is  conferred  the  power  of  respiring,  modulating,  and 
speaking,  either  through  the  mouth,  or  through  the  nares,  or 
through  both ;  which  seems  to  be  the  reason  why  the  uvxda  is  not 
found  in  brutes.     Thirdly^  the  uvula  provides  that  the  pituitary 
and  mucous  humor  of  the  nares,  following  the  continuous  pa- 
rietes,  and  proceeding  and  determined  by  this  ready  road  and  ex- 
tended path  {k),  may  be  derived,  not  into  the  rima  glottidis,  but 

rynx,  proceeds  in  like  manner,  through  the  velum  palati,  towards  the 
uvula.  The  palato-staphilinus,  coming  from  the  junction  of  the  palate 
bones,  is  inserted  mto  the  upper  part  of  the  uvula ;  so  likewise  is  the 
azygos  Morgagnii.  See  Heister's  description  of  these  muscles,  n.  339. 
It  appears  then  that  the  uvula  does  nothing  of  itself, — nothing  except 
by  means  of  the  velum  palati. 

(t)  These  muscles  respect  the  cooperation  of  the  velum  palati,  and 
thereby  of  the  uvula,  with  the  tongue  and  the  larynx  ;  as  the  former 
respect  the  cooperation  of  the  same  parts  with  the  tongue  and  the  pha- 
rynx. The  thyro-staphUini,  accordbg  to  Heister  (n.  339),  arise  from 
the  lateral  part  of  the  thyroid  cartilage,  widen  as  they  ascend  towards 
the  uvula,  and  are  inserted,  in  the  manner  of  an  arch,  into  the  side  of 
the  velum  palati.  The  salpingo-staphilini  arise  from  the  posterior  part 
of  the  Eustachian  tube ;  the  pterygo-staphilini,  from  its  anterior  part. 
The  way  in  which  the  Eustachian  tube  contributes  to  sound  and  speech, 
win  be  pointed  out  in  the  Part  on  the  Organs  of  the  Senses,  in  our 
Chapter  on  the  Ear. 

(k)  All  humor,  even  the  most  limpid,  still  more  that  which  is  slug- 
gish and  mucous,  constantly  follows  the  parietes,  and  descends  along 
the  plane  siurfaces ;  it  never  escapes  from  the  middle  of  the  aperture  of 
an  osculum,  unless  its  quantity  be  great  and  superabundant.  Since 
then  the  uvula  hangs  forward  from  the  border  of  the  orifice  that  opens 
from  the  nares  into  the  cavity  of  the  palate,  therefore  the  mucus  de- 
scending from  the  nares  cannot  possibly  follow  any  other  than  this 
ready  and  contmuous  path,  that  b  to  say,  along  the  uvula ;  conse- 
quently it  must  pass  to  the  very  root  of  the  tongue,  with  which  the 
uvula  is  in  contact  by  its  apex.  Thus  the  uvula  is  the  guide  of  the 
mucous  drippings  or  discharges  from  the  narine  cavities  into  the  palate, 
and  the  mover  forward  of  the  same  towards  the  pharynx. 
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to  the  root  or  dorsum  of  the  tongue^  and  thence  into  the 
pharynx;  and  thus  that  it  may  not  be  commixed  with  the 
saliva  of  the  mouthy  and  blunt  the  delicate  and  agile  fibres 
of  the  tongue^  and  the  sensoria  of  taste  (/).  These  causes  are 
confirmed  by  the  actual  effects  witnessed  in  the  mouth,  on 
holding  a  lighted  candle  to  it  when  the  tongue  is  eating  or 
speaking  (m) :  by  the  change  of  state  in  both  these  operations 
when  the  uvxda  is  inflamed,  stiffened,  tumefied,  bent,  detached 
from  its  muscles  and  frsena,  excised,  ulcerated,  or  eroded :  and 
lastly,  by  the  situation  and  connexion  of  the  uvula,  and  by  its 
powers  of  inflexion,  contraction,  extension,  and  application. 

(t)  The  direction  of  the  mucus  that  comes  down  fix>m  the  nares,  is 
alone  sufficient  to  prove  that  it  b  different  in  nature  from  the  saliva  of 
the  mouth ;  for  the  interposition  of  the  uvula,  and  its  determination 
towards  the  phaiynx,  make  it  evident,  that  the  only  proper  ways  of  dis- 
charge for  this  mucus,  are  either  through  the  nasal  doors  or  apertures, 
or  else  immediately  into  the  pharynx,  where  it  can  be  commixed  with 
the  thick  humor  that  is  expressed  from  the  palatine  glands ;  possibly 
also  where  it  may  likewise  sheathe  the  crumbs  and  little  pieces  of 
comminuted  food,  and  convey  them  through  the  oesophagus  into  the 
stomach.  For  the  salivary  humors  increase  in  density  from  the  lips  all 
the  way  to  the  pharynx ;  and  at  last  they  are  succeeded  by  mucus, 
which  is  more  muddy  and  thick  than  the  other  humors,  and  completes 
the  work.  It  is  very  clear,  that  without  some  guiding  cone  like  the 
uvula,  the  mucus  of  the  nares  would  glide  down  promiscuously  either 
to  the  tongue,  and  so  to  the  apex  thereof,  or  else  into  the  larynx ; 
particularly  since  the  tongue  is  frequently  speaking  in  the  very  middle 
of  the  act  of  eating ;  and  thus  pervert  the  established  order  of  nature 
in  the  case  of  both  these  operations. 

(m)  That  is  to  say,  by  Boerhaave,  to  whose  observations  (Intt. 
Med.i  n.  70,  71)  I  again  direct  the  reader's  attention. 
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CHAPTER  II. 


THE    LARYNX   AND  THE    EPIGLOTTIS. 

353.     Hkister.  "  The  larynx  is  the  thick  upper  part  or  head  of 
the  trachea.     It  contains  an  aperture  leading  to  the  lungs,  termed  the 
glottiB,  which  is  nearly  elliptical,   and  furnished  with  cartilages  and 
muscles,  hy  means  of  which  it  is  dilated  or  straightened,  so  as  to  pro- 
duce the  wonderful  yariations  of  the  voice  in  speaking  and  singing. 
The  larynx  is  principally  composed  of  cartilages,   which  are  five  in 
number.     The  first  is  the  thyroid  or  scutiform  cartilage :  it  ii  a  kind 
of  quadrangle,  and  is  placed  in  the  anterior  part  of  the  neck,  where 
it  forms  the  prominence  commonly  called  the  pomum  Adami.    The 
thyrmd  is  the  largest  of  the  fire  cartilages.    The  second  is  the  cricoid 
or  annular  cartilage :  this  may  be  considered  as  the  base  of  the  rest, 
occupying  the  lowest  situation :  the  trachea  is  adherent  to  it  inferiorly. 
The  third  and  fourth  are  the  two  aiytaenoid  cartilages ;  these  form  a 
kind  of  basin,  of  a  singnlar  figure :  they  are  connected  by  peculiar  ar- 
ticulations on  each  side,  to  the  posterior  and  superior  parts  of  the 
cricoid  cartilage,  to  enable  the  glottis  the  more  readily  to  be  constricted 
and  dilated.    The  fifth  is  the  epiglottis ;  this  is  often  of  the  shape  of  a 
leaf  of  ivy,  and  is  joined  to  the  superior  and  anterior  part  of  the  thy- 
roid cartilage,  over  which  it  stands  erect  immediately  behind  the  root  of 
the  tongue  :  and  it  is  connected  thereto  by  its  middle  ligament,  but  by 
its  two  lateral  ligaments  to  the  comua  of  the  os  hyoides,  and  by  its 
two  posterior  ligaments  to  the  arytsenoid  cartilages.    The  epiglottis  in 
the  act  of  deglutition  covers  the  glottis  in  the  manner  of  a  moveable 
bridge,  and  prevents  anything  firom  &lling  into  it.    The  membrane 
which  invests  the  larynx  is  very  sensitive,  and  perforated  with  a  great 
number  of  oscula  or  openings,  which  discharge  a  lubricating  fluid. 
There  are  also  glands  termed  arytsenoid  and  epiglottidean,  situated  upon 
both  sur&oes  of  the  larynx,  and  which  secrete  a  mucous  fluid  that 
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serves  for  lubricatmg  the  whole  of  the  trachea.  The  ventricles  or 
sinuses  of  the  larynx^  are  certain  cavities,  sometimes  lai^  and  some- 
times small,  extending  internally  over  the  glottis,  and  assisting  in  the 
production  of  the  voice.  (Comp.  Anat,,  n.  259.) 

354.  "Of  the  muscles  of  the  larynx  seven  pair  are  commonly  enu- 
merated ;  these  have  their  names  from  their  origins  and  insertions,  and 
the  principal  use  of  all  of  them,  is,  to  produce  the  variation  of  the 
glottis  and  the  modulation  of  the  voice.  Of  these  seven  pair  two  are 
common,  and  have  their  origin  on  the  outside  of  the  larynx :  the  other 
five  are  proper,  and  have  both  their  origin  and  termination  in  the  larynx. 
The  common  muscles  are  the  stemo-thyroid  and  the  hyo-thyroid.  The 
stemo-thyroid  draws  the  larynx  downwards,  and  at  the  same  time  dilates 
the  glottis.  The  hyo-thyroid  elevates  the  larynx,  and  closes  the  glottis. 
The  five  proper  muscles  are,  1 .  The  crico-thyroid,  which  appears  either 
to  dilate  or  constringe  the  larynx.  2.  The  crico-arytaenoideus  posticus, 
and  3.  The  crico-arytsenoideus  lateralis,  which  dilate  the  glottis.  4. 
The  thyro-arytaenoideus,  which,  together  with  the  following  muscle, 
constringes  it.  5.  The  ary-arytaenoideus  arises  frequently  from  one 
arytsenoid  cartilage,  and  is  inserted  into  the  other :  these  muscles  on 
each  side  mutually  intersect  each  other,  and  straighten  the  glottis: 
often  there  is  only  a  single  muscle ;  and  often  it  is  differently  circum- 
stanced from  what  is  here  described.  Anatomists  for  a  long  time 
allowed  the  muscles  of  the  epiglottis  only  to  brutes,  although  Jacobus 
Sylvius  has  pointed  out  two  elevators,  and  as  many  depressors,  in  the 
human  subject ;  but  of  late  they  have  been  restored  again  to  the  human 
frame,  and  first,  so  far  as  my  recollection  serves,  by  J.  G.  Paul,  who 
asserts  that  he  has  himself  seen  them.  The  elevators  of  the  epiglottis 
are  two  in  number,  and  of  considerable  length,  reaching  from  the  base 
of  the  os-hyoides  to  the  posterior  part  of  the  root  of  the  epiglottis ; 
these  he  terms  hyo-epiglottei.  The  depressors  are  likewise  two,  and 
smaller  than  the  preceding ;  they  extend  from  the  apices  of  the  aryte- 
noid cartilages,  obHquely  forwards  to  the  sides  of  the  epiglottis ;  these 
muscles  might  be  named,  ary-epiglottei.  (Ibid.,  n.  324.)  littre,  in 
the  Hist,  de  V  Acad.  Rcy.  des  Sciences,  an.  1718,  assigns  three  mus- 
cles to  the  epiglottis,  two  depressors,  and  one  elevator ;  but  he  does 
not  describe  them.  Santorinus,  however,  describes  not  only  one  ele- 
vator, (of  which  I  also  lately  observed  some  s%ht  trace,)  but  four 
depressors,  namely,  two  ary-epiglottidei  and  two  thyro-epiglottidei  ma- 
jores ;  and  besides  these  he  mentions  two  thyro-epiglottidei  minores, 
which  serve,  as  he  thinks,  for  bending  down  the  middle  part  of  the 
epiglottis:  but  these,  by  his  own  account,  are  so  thin,  particularly 
the  last  named  pair,  that  they  are  scarcely  perceptible,  excepting  in  the 
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most  robust  subjects.  For  this  reason,  perhaps,  I  have  never  been 
able  to  observe  anything  answering  to  them,  but  certain  dehcate  mem- 
branes."  (Ibid.,  n.  324,  not.  /.) 

355.  WiNSLOw.  ''The  larynx  forms  the  protuberance  that  we 
feel  at  the  upper  and  anterior  part  of  the  neck,  and  which  is  com- 
monly called  pomum  Adami.  Anatomists  term  it  the  head  of  the 
trachea.  It  is  larger  and  more  prominent  in  men  than  in  women.  It 
is  principally  made  up  of  five  cartilages :  the  thyroid,  which  is  the 
anterior  and  largest ;  the  cricoid,  which  is  the  inferior,  and  the  com- 
mon basis  of  the  rest ;  the  two  arytenoid,  which  are  the  posterior 
and  smallest ;  and  the  epiglottis,  which  is  above  all  the  others.  These 
cartilages  are  connected  together  by  particular  Hgaments,  and  they  have 
tikewise  muscles,  glands,  membranes,  &c.,  belongmg  to  them.  The 
thyroid  cartilage  is  large  and  broad,  and  folded  in  such  a  manner  as  to 
have  a  longitudinal  convexity  on  the  foreside,  and  two  lateral  portions 
which  may  be  termed  wings  or  alee.  The  upper  part  of  its  anterior 
middle  portion  is  formed  into  an  angular  notch  :  the  upper  border  of 
each  ala  makes  an  arch,  so  that  the  borders  together  with  the  middle 
notch  resemble  the  top  of  an  ace  of  hearts.  The  lower  border  of  each 
ala  is  more  even,  and  the  posterior  borders  of  both  are  very  smooth, 
and  lengthened  out  above  and  below  by  apophyses,  of  which  the  supe- 
rior are  longer  than  the  inferior ;  these  four  apophyses  I  term  the  comua 
of  the  thyroid  cartilage.  Their  extremities  are  rounded,  like  small 
heads  :  those  of  the  two  inferior  apophyses  have  a  small  shining  surface 
on  the  inside,  resembling  an  articular  eminence.  At  the  external  sur- 
face of  each  ala,  near  the  border,  there  is  a  prominent  and  slightly 
oblique  line,  which  runs  firom  behind  forwards.  The  upper  extremity 
of  this  line  is  near  the  superior  comu  or  apophysis,  and  both  it  and 
the  lower  extremity  end  in  a  small  tuberosity ;  the  lowest  being  often 
the  most  considerable.  These  tuberosities  serve  for  the  insertion  of 
muscles  and  ligaments.  The  inside  of  the  alee,  and  the  convex  side  of 
Uie  anterior  portion,  are  very  uniform.  This  cartilage  ossifies  gradually 
in  old  age.  The  cricoid  cartilage  resembles  a  kind  of  thick  irr^ular 
ring,  very  broad  on  one  side  and  narrow  on  the  other ;  or  it  may  be 
compared  to  a  small  portion  of  a  thick  tube,  cut  horizontally  at  one 
end,  and  very  obliquely  at  the  other.  In  the  erect  position  of  the  body, 
the  base  is  almost  horizontal,  and  to  this  the  trachea  is  connected ;  so 
that  the  cricoid  cartilage  may  be  looked  upon  as  the  upper  extremity  of 
the  trachea.  The  posterior  part  of  the  cricoid  cartilage  is  larger  than 
the  other  parts  ;  and  its  posterior  or  convex  surface  is  divided  by  a  lon- 
gitudinal eminence  or  prominent  line,  into  two  distinct  surfaces,  for 
the  attachment  of  muscles.     The  top  is  gently  sloped  above  this  pro- 
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minent  line,  and  terminates  on  each  side  by  a  kind  of  obtuse  angle, 
fonned  between  it  and  the  oblique  edge  of  each  lateral  portion  of  this 
cartilage.  At  the  upper  part  of  each  of  these  angles  there  is  a  very  smooth 
and  slightly  convex  articular  surface.  The  whole  of  the  posterior  sur- 
fitce  is  divided  into  two  lateral  portions  by  two  prominent  lines,  each  of 
which  runs  down  almost  straight  from  the  articular  sur£u^  at  the  top, 
a  Uttle  below  the  middle  of  this  side,  where  it  terminates  in  another 
articular  line,  somewhat  concave.  Near  these  four  articular  sur&ces 
there  are  small  tubercles.  The  two  superior  sur£EU!es  are  for  the  articu- 
lation of  the  arytsenoid  cartilages ;  and  the  two  inferior,  for  the  articu- 
lation of  the  inferior  oomua  or  appendices  of  the  thyroid  cartilage. 
The  arytsenoid  cartilages  are  two  smidl  equal  symmetrical  bodies,  which 
joined  together  resemble  the  spout  of  a  ewer ;  they  are  situated  on  the 
top  of  the  cricoid  cartilage.  Their  bases  are  broad  and  thick,  and  have 
each  a  small  concave  articular  surface,  by  which  they  are  joined  to  the 
cricoid.  Their  comua  are  bent  backwards  and  a  little  toward  each 
other.  In  some  subjects  they  are  very  moveable,  appearing  like  true 
appendices,  and  easily  separable  fix>m  the  rest,  as  I  demonstrated  in  my 
private  courses  about  eight  years  ago.  By  their  inner  edges  they  form 
a  kind  of  fissure ;  and  their  outer  oblique  edges  terminate  inferiorly  by 
a  thick  prominent  ang^e.  The  epiglottis  is  an  elastic  cartilage,  nearly 
of  the  figure  of  a  purslain  leaf,  narrow  and  thick  below,  thin  and 
slightly  rounded  above,  a  little  convex  anteriorly,  and  answerably  con- 
cave posteriorly.  It  is  situated  above  the  anterior  or  convex  portion  of 
the  thyroid  cartilage.  Its  lower  extremity  is  attached  by  a  short,  pretty 
broad,  and  very  strong  ligament,  to  the  middle  notch  in  the  superior 
border  of  that  cartilage.  It  is  pierced  by  a  great  number  of  openings, 
which  are  hidden  by  the  membrane  that  covers  its  two  surfiices.  The 
hgaments  of  the  larynx : — ^the  thyroid  cartilage  is  connected  to  the 
cricoid  by  several  short  strong  ligaments, — ^round  the  articulations  of  the 
two  inferior  comua  with  the  lateral  articular  surfaces  of  the  cricoid 
cartilage.  The  apices  of  the  superior  comua  are  fixed  to  the  posterior 
extremities  of  the  great  comua  of  the  os-hyoides,  by  slender  round 
ligaments,  about  a  quarter  of  an  inch  in  length.  In  the  middle  of 
each  of  these  ligaments,  we  often  meet  with  a  cartilaginous  granule  of 
an  oval  figure,  and  much  thicker  than  the  ligaments.  The  thyroid  is 
likewise  connected  to  the  os-hyoides  by  a  short,  broad,  strong  ligament, 
one  end  of  which  is  inserted  in  the  superior  notch  of  the  cartilage,  and 
the  other  in  the  lower  edge  of  the  base  of  the  bone.  There  are  also  in 
the  middle  of  the  concave  surfiu^  two  particular  ligaments,  which 
belong  to  the  arytsenoid  cartilages.  The  cricoid  cartilage  is  connected 
to  the  lower  part  of  the  th3rroid  by  a  strong  ligament,  and  round  about 
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its  lateral  aiticiilations,  by  the  ligaments  already  mentioned^  to  the  infe- 
lior  conraa  of  that  cartilage.  Its  base  is  attached  to  the  first  cartila- 
^noua  ring  of  the  trachea,  by  a  ligament  exactly  like  those  by  which 
the  other  rings  of  the  trachea  are  connected  together.  The  membranous 
or  posterior  part  of  the  trachea  b  likewise  connected  to  the  posterior 
part  of  the  base  of  the  cricoid  cartilage.  The  glottis : — the  arytsenoid 
cartilages  are  connected  to  the  cricoid  by  ligaments,  which  surround 
their  articulations  with  the  top  of  that  cartilage.  Anteriorly,  the  base 
of  each  arytsenoid  is  fixed  to  one  end  of  a  ligamentary  cord,  which  by 
its  other  end  is  inserted  about  the  middle  of  the  concarity  or  posterior 
surface  of  the  anterior  portion  of  the  thyroid.  At  their  insertion  in  the 
thyroid,  these  two  ligaments  touch  each  other,  but  a  small  space  is  left 
between  them  where  they  are  attached  to  the  two  aryteenoid  cartilages  ; 
and  they  likewise  appear  to  have  a  small  adhesion  to  the  top  of  the 
cricoid :  this  is  what  is  called  the  glottis.  The  sinuses  of  the  larynx : — 
under  these  two  ligamentary  cords  there  are  two  others,  which  run  like- 
wise from  behind  forwards.  The  interval  between  the  superior  and 
inferior  cords  on  each  side  forms  a  transverse  fissure,  which  is  the  open- 
ing of  a  small  membranous  bag,  the  ftmdus  of  which  is  directed  out- 
wards, that  is,  towards  the  al»  of  the  thyroid  cartilage:  these  two 
saocnh  are  the  ventricles  mentioned  by  the  ancients,  and  restored  by 
Mcngagni,  who  has  given  an  excellent  description  of  them.  They  are 
chiefly  formed  by  a  continuation  of  the  internal  membrane  of  the  larynx ; 
and  the  internal  surfiuse  of  their  ftmdus  appears  sometimes  to  be  glan- 
dular. The  arytsenoid  glands :— on  the  anterior  surface  of  the  arytsenoid 
cartilages  there  is  a  small  depression  between  the  basis  and  the  upper 
convex  part :  this  depression  is  filled  by  a  glandular  body,  which  not 
only  covers  the  anterior  surface  of  each  arytenoid,  but  is  likewise  ex- 
tended forward  from  the  basis,  over  the  posterior  extremity  of  the 
neighboring  ligamentary  cord.  These  glands  are  larger  and  more  con- 
spicuous in  some  subjects  than  in  others,  and  are  covered  by  the  mem- 
brane that  lines  the  adjacent  parts.  They  were  discovered  by  Morgagni. 
I  have  already  described  the  ligaments  which  connect  the  epiglottis  to 
the  notch  of  the  thyroid  cartilage,  and  to  the  basis  of  the  os-hyoides. 
These  two  ligaments,  meeting  a  third  which  ties  the  lower  border  of 
the  base  of  the  os-hyoides  to  the  notch  of  the  thyroid  cartilage,  form  a . 
triangular  space,  filled  with  a  cellular  or  fatty  substance,  and  with 
small  glands.  The  epiglottis  has  likewise  two  lateral  ligaments,  by 
which  it  is  connected  to  the  arytsenoid  cartilages  all  the  way  to  their 
points  or  comua.  It  has  also  a  membranous  ligament,  which  running 
ikmg  the  middle  of  its  anterior  or  convex  side,  ties  it  to  the  root  or 
base  of  the  tongue.    This  ligament  is  only  a  duplicature  of  the  mem- 


Digitized  by  VjOOQ  IC 


44  THE    ANIMAL    KINGDOM. 

brane  that  coTers  the  epiglottis^  continued  to  the  neighboring  parts. 
Lastly,  there  are  two  small  lateral  membranous  Ugaments  belonging  to 
it,  fixed  near  the  Uttle  glandular  bodies,  termed  amygdalae.  The  epi- 
glottis is  not  only  perforated  by  the  regular  holes  abready  mentioned, 
but  has  likewise  a  great  number  of  small  irregular  fissures  and  breaks 
of  various  kinds,  which  are  so  many  different  lacunae,  situated  between 
its  two  membranes,  and  filled  with  little  glands,  the  excretory  orifices 
of  which  open  principally  upon  the  posterior  surface  of  this  cartilage," 
(Exp.  Anat.y  Tr.  de  la  Teste,  n.  421 — 440.) 

356.  MoRGAGNi.  *'  Nothing  has  been  more  common  in  my  dissec- 
tions of  the  larynx,  than  to  find  the  thyroid  and  cricoid  cartilages  of 
old  subjects,  either  osseous,  or  in  the  process  of  becoming  so,  and  a 
number  of  cells  inside  their  substance, — in  the  thyroid,  at  the  sides 
particularly,  but  in  the  cricoid,  at  the  posterior  part.  I  have  often  seen 
these  cells  filled  with  a  medullary  substance.  {Advera,  Anat,  i.,  n.  23.) 
The  glottis,  which  is  the  principal  organ  of  the  voice,  is  an  oblong  fis- 
sure formed  by  a  number  of  Uttle  parts  projecting  on  both  sides  into  the 
cavity  of  the  larynx ;  and  which  parts  posteriorly  ascend  obliquely,  but 
anteriorly  are  horizontal ;  wherefore  the  fissure  also  is  similarly  circum- 
stanced ; — ^it  ascends  obUquely  in  its  posterior  part,  and  is  horizontal  in 
its  anterior  part.  The  obUque  portion  of  the  fissure  is  formed  by  the 
two  arytsenoid  cartilages,  and  also  by  the  two  long  crura  of  the  aiy- 
taenoid  glands ;  consequently  this  part  of  the  glottis  is  double.  The 
horizontal  portion  is  also  double.  For  on  both  sides  it  is  formed  of  two 
white  ligaments,  or  fasciculi  of  fibres,  whereby  the  arytaenoid  and  thy- 
roid cartilages  are  connected  to  each  other.  .  .  .  These  two  ligaments 
leave  between  them  on  each  side  a  nearly  elliptical  fissure,  which  is 
sometimes  long  enough  to  admit  the  end  of  the  thumb,  sometimes  only 
to  admit  the  tip  of  one  of  the  fingers,  the  difierence  being  caused  by 
the  relative  size  of  the  larynx.  These  fissures  are  the  orifices  of  two 
cavities  .  .  .  which  are  bounded  inferiorly  by  the  lower  portion  of  the 
thyro-arytaenoid  muscles ;  posteriorly,  to  some  depth,  are  covered  in  by 
the  middle  and  superior  fibres  of  the  same  muscles ;  and  have  the  short 
crura  of  the  ar3rtaenoid  glands  placed  in  part  superiorly :  for  where  they 
approach  the  base  of  the  epiglottis  the  cavities  become  deeper,  in  con- 
sequence of  the  addition  of  appendages  [ventriculorum  appendices]  of 
greater  or  smaller  size ;  as  may  be  easily  observed  by  introducing  a 
stilet.  The  interior  parietes  of  the  cavities  are  covered  on  all  sides  with 
the  same  membrane  as  the  interior  of  the  larynx ;  and  hence  they  are 
perforated  by  a  number  of  tittle  foramina,  particularly  in  the  part  where 
they  are  overhung  by  the  crura  of  the  arytaenoid  glands.  Minute  drops 
of  a  lubricating,  viscid  humor,  ooze  from   these  foramina.  .  .  .  The 
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Tentrieles  of  the  larynx  are  closed  in  acute  and  expanded  in  grave  tones. 
They  are  placed  immediately  within  the  circumference  of  the  thy  ro-arytee- 
noid  muscles,  and  therefore  also  within  that  of  the  thyroid  cartilage." 
C^id,y  n.  16.)  See  also  Ibid.,  tab.  i.,  ii.,  and  Advert.  Anat.  v., 
Anim.  46y  &c.,  &c. 

S57.  Respecting  the  larynx,  its  cartilages,  muscles,  ligaments,  and 
glands,  see  Eustachius,  Talnd.  Anat.,  tab.  v.,  ^^.  I,  2,  3,  4 ;  tab. 
xviii.,  fig.  2,  5,  6,  7,  8,  11,  15—26;  with  the  commentary  of  Lancisi, 
and  WinsloVs  notes  in  his  Exp.  Anat.,  tom.  v.  Verheyen,  Corp. 
Hum,  Anat.,  tract,  iii.,  cap.  xi.,  tab.  xxii.,  fig.  1 — 12.  Casserius,  Be 
Vocis  Auditusque  Organis  Hiatoria,  and  his  TaM.  Anat.  Boerhaave, 
Inst,  Med,,  n.  194  ;  on  the  action  of  the  larynx.  Cowper,  Myotomia 
B^formata.  Santorinus,  Observationea  Anatomicce,  cap.  vi.,  and  tab. 
iii.,  ^.  1,  2,  3.  Winslow,  Exp.  Anat.,  Tr.  de  la  Teste,  n.  441—467  ; 
on  the  muscles  of  the  larynx,  &c. 
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358.  The  larynx  and  the  ear  are  two  associate  organs, 
and  mutually  stand  to  each  other  in  the  relation  of  married 
partners:  something  almost  similar  to  connubial  rites  takes 
place  between  them ;  for  the  one  conforms  itself,  exactly  and 
absolutely,  to  the  modes,  measures,  and  actions  of  the  other; 
when  the  one  is  active  the  other  is  passive,  or  what  amounts  to 
the  same  thing,  when  the  larynx  is  sounding  and  speaking,  the 
ear  is  imbibing  and  hearing  the  sounds  and  the  speech  (a).  They 
live,  however,  in  separate  bed-chambers :  the  larynx  resides  im- 
mediately under  the  antrum  palati,  but  having  authority,  it 
is  also  placed  at  the  very  top  of  the  lungs,  upon  the  air-pipe  or 
trachea ;  while  the  ear  lies  concealed  in  a  certain  cave  and  laby- 
rinth scooped  out  in  the  petrous  portions  of  the  temporal  bones, 
under  the  foot  of  the  cerebrum.  Nevertheless,  they  assiduously 
commimicate  and  consociate  with  each  other,  by  sonorous  and 
expressive  motions ;  and  this  by  two  modes  and  by  two  ways  : 
Firstly  f  by  way  of  the  membranes,  cartilages,  and  bones,  through 
the  intervention  of  the  Eustachian  tube,  along  which  all  mur- 

(a)  Nature,  in  her  greatest  and  least  parts,  has  constantly  asso- 
ciated together  active  and  passive,  the  one  to  be  the  companion  of  the 
other  ;  the  agent  or  active,  without  the  patient  or  corresponding  passive, 
is  a  principle  without  a  limit,  by  which  alone  no  effect  is  produced ; 
the  passive  must  be  present,  as  a  mediate,  determinant  and  coefficient 
cause  of  the  effect.  Thus  the  ear,  which  is  a  passive  organ,  not  only 
receives  the  sounds  and  words  of  the  agent  or  active  organ,  the  laiynx, 
but  also  determines  them  distinctly  towards  the  cerebrum  or  general 
senscirium :  hence  an  effect  b  produced,  as  it  were  an  offspring,  which 
offspring  is  an  idea. 
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mors^  words^  sonorous  tremblings  and  modifications^  by  an  an- 
ticipatory passage^  creep  np  directly  into  the  ear  (b).  Secondly, 
by  way  of  the  winged  air  emitted  firom  the  orifices  of  the  lips 
and  nares,  which  conveys  the  sounds^  modulated  and  told  into 

(b)  Just  behind  the  tonsils,  in  the  palate,  not  far  from  the  larynx, 
a  certain  tube,  partly  osseous  and  cartilaginous,  and  partly  membran- 
ous, opens  into  the  mouth :  this  tube  was  known  to  the  ancients,  but 
is  best  described  by  Valsalva.  It  comes  hither  directly  from  the  cavity 
of  the  tympanum,  and  is  so  far  pervious,  that  some  persons  by  practice 
have  learnt  to  transmit  tobacco-smoke  through  it  into  the  ear :  it  opens 
into  the  latter  near  the  membrana  tympani.  This  tube,  besides  deriv- 
ing the  recrementitious  excretions  of  the  ear,  also  forms  a  kind  of  bridge 
between  the  larynx  and  the  ear ;  along  which  bridge,  all  sonorous  vibra- 
tions, continued  from  the  larynx  to  the  membrane  of  the  palate,  and 
through  the  cellular  portions  of  the  temporal  bones,  are  conveyed  to  the 
ear  by  an  unerring  determination ;  for  sonorous  tremblings  always  keep 
close  along  the  path  formed  by  filaments,  membranes,  and  other  hard 
bodies,  all  the  way  to  the  end ;  as  we  find  clearly  proved  by  cords  held 
between  the  teeth,  and  connected  by  the  other  extremity  to  the  sound- 
ing-board of  a  musical  instrument.  This  is  the  reason  why  the  deaf, 
— ^those  in  whom  the  external  meatus  of  the  ear  is  obstructed,  or 
the  membrana  tympani  destroyed, — open  their  mouths  to  take  in 
sounds.  Through  this  uninterrupted  tube  the  sonorous  tremor  ascends 
to  the  esT, — the  tremor  that  is  not  propagated  through  the  air,  but 
through  the  continuous  membranes ;  and  in  order  that  the  tube  may 
afford  a  determinate  passage,  it  is  hollow,  and  constructed  of  elastic 
membranes,  cartilages,  and  bones,  put  together  in  a  wonderfrd  manner. 
Its  greatest  use  appears  to  be  in  early  life,  when  we  are  first  learning  to 
prattle  and  speak,  at  which  time  it  enables  the  larynx  and  the  ear, — 
the  active  and  the  passive, — to  be  exactly  concordant,  and  the  one  to 
be  initiated  into  the  other's  modes  of  action.  For  since  one  modifica- 
tion goes  by  two  ways  to  the  same  organ,  and  [after  being  divided  into 
two]  is  there  again  concentrated  into  one,  of  course  even  the  smallest 
discrepancy  is  observed,  and  nature  instantly  checks  it,  and  reduces  it 
to  consonance  and  unity.  I  used  the  expression, — by  two  modes  and 
two  ways ;  one  mode  is,  by  the  continual  propagation  of  tremor  along 
the  course  of  the  membranes ;  the  other  b  by  the  air  and  its  propagar 
tion,  the  parts  whereof  are  not  continuous,  but  floating  and  free,  and 
contiguous  to  each  other.  But  the  subject  of  the  Eustachian  tube  will 
be  resumed  in  Part  VI.,  in  the  Chapter  on  the  Ear. 
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words^  to  the  tlireshold  and  conchse  of  the  external  ear,  and 
there  knocks  at  the  door  of  the  tympanum  (c).  Thus  the  larynx 
communicates  with  the  bed-chamber  of  the  ear,  at  once  through 
a  clandestine  passage  or  interior  path,  by  continuity,  and  by  an 
open  field  or  external  way,  and  in  the  latter  case  by  contiguity. 
Hence  between  these  organs,  compeers  and  companions  in  office, 
there  is  a  perpetual  interchange  and  renewal  of  concord  and  cor- 
respondence. 

359.  Both  these  organs  are  constructed  of  little  bones,  car- 
tilages, and  membranes,  folded  together  and  accommodated  to 
each  other  in  a  wonderful  manner ;  and  thus  the  organic  forms 
of  both,  differently  firom  those  of  the  other  instruments  of  the 
senses  (rf),  are  presented  bare  and  evident  within  the  sphere  of 
ocular  vision;  so  that  any  mind  possessing  a  right  understand- 
ing, and  educated  in  the  sciences,  by  following  the  guidance  of 
anatomy,  and  accepting  the  information  of  the  eye,  may  be 
instructed  to  full  knowledge  respecting  the  manner  in  which 
nature  modulates  sounds,  and  disposes  them  into  articulate 
quantities.  There  is  nothing  in  acoustics,  music,  or  harmony, 
be  it  ever  so  internal  and  arcane ;  there  is  nothing  in  the  vibra- 

(c)  It  seems  probable  that  the  sound  emitted  from  the  mouth,  takes 
a  circle,  and  apart  from  the  assistance  of  the  tube,  enters  perhaps  more 
quickly  into  the  ear  of  an  immediate  bystander  than  into  that  of  the 
speaker  himself;  although  the  difference  in  celerity  is  imperceptible  to 
our  senses. 

{(f)  For  in  the  ear  there  are  a  number  of  little  bones,  formed  for 
the  reception  of  sound  and  for  the  further  propagation  of  it  when 
received ;  such  are  the  malleus,  the  stapes,  the  incus,  the  cochlea  and 
lamina  spiralis,  and  the  semicircular  canals ;  the  figures  and  articula- 
tions of  all  of  which  are  conspicuous  and  well  understood :  so  likewise 
in  the  larynx  we  have  the  thyroid,  cricoid,  and  arytsenoid  cartilages, 
and  various  ligaments  and  muscles ;  the  ginglymi  and  joints  of  which 
parts  are  obvious  to  the  senses.  The  case  is  otherwise  in  the  eye, 
where  the  humors,  with  their  individual  substances,  do  not  reach  even 
the  smallest  ray  of  s^ht,  however  armed  and  exalted  by  the  micro- 
scope ;  and  the  same  may  be  said  of  the  organism  in  the  tongue  and  in 
the  membrane  of  the  nares ;  where  we  indeed  see  pi^illae,  but  of  the 
manner  in  which  they  are  inflected  and  compUcated,  sight  affords  us  no 
information. 
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tions  and  tremblings  of  any  continuoas  body^  nor  in  the  modifi- 
cations of  any  contiguous  volume  or  atmosphere^  be  it  ever  so 
hidden  and  profound^  but  nature  has  here  brought  it  forth  from 
the  innermost,  gathered  it  into  one,  and  conferred  it  upon 
these  two  organs  {e).    Here  then,  for  the  first  time,  we  are  in- 

(e)  In  the  umversal  play  and  circle  of  nature  there  is  nothing  at 
once  more  wonderM  and  more  common  than  modification,  whether  it 
occur  in  the  atmospheres  of  the  world,  or  in  continuous,  and  particu- 
larly in  elastic  substances,  as  membranes  and  cartilages,   and  even  in 
others  of  a  comparatiyely  hard  character.     Corresponding  to  modifica- 
tion in  the  atmospheres,  there  is  a  subtle  tremble  in  membranes,  and  a 
kind  of  undulatory  vibration  in  hard  bodies ;  for  the  one  passes  into  the 
other, — the  modification  of  the  air  into  the  membranes  and  nerves  of 
the  organ  of  hearing,  and  the  tremble  of  the  larynx  into  the  air.     Bat 
although   nothing  is  more  common  than  modification,  yet  nothing  is 
more  occult,  or  appears  more  complicated  and  perplexed.     Nature  pre- 
sents herself  to  the  senses  in  her  modificatory  aspect,  not  only  in 
sounds  and  speech,  in  musical  harmonies  and  musical  instruments,  bat 
also  in  optics,  and  consequently  in  all  those  organs  that  have  the 
faculty   of  so  dividing  the  rays  of  modified  light,  as  to  represent  dif- 
ferent colored  appearances,  that  is  to  say,  appearances  discriminated  by 
light  and  shade,  and  recc^nizable  in  this  manner.     And  in  truth  the 
other   sensations,    of  smeU,   taste,  and  touch,  are  nothing  else  than 
modifications,  that  run  along  the  nerves  and  membranes  to  their  origins. 
Modification,  therefore,  prevails  even  in  spiritual  things;    but  here 
its  purity  and  perfection  is  so  great,  that,  judging  according  to  our 
senses,  nay,  according  to  our  very  minds,  we  must  pronounce  the  term 
modification  to  be  too  gross  to  serve  any  purpose  beyond  comparison 
and  analogy.     Only  take  away  life  and  soul  from  the  organic  fibres  and 
principles  of  the  animal  kingdom,  and  what  remains  from  sensation  is 
pure  modification,  such  as  exists  in  the  auras ;  or,  on  the  other  hand, 
add  hfe  to  modification,  and  the  result  is  sensation.     The  umversal 
(NTganic  body  with  its  membranes  and  fibres,  resembles  a  kind  of  har- 
monious symphony.     But  to  return  to  sonorous  modification,  or  as  it  is 
more  rightly  termed,  modulation: — Nature  manifests  herself, — she  shews 
what  she  is, — by  modifications  alone ;  into  them  she  has  transferred 
herself,  and  if  we  may  be  allowed  the  expression,  her  nature ;  conse- 
quently it  b  of  the  last  importance  to  our  object  to  investigate  this ; 
for  without  a  knowledge  of  it  we  cannot  proceed  a  hair*s-breadth  by  the 
analytic  method,  in  exploring  the  causes  of  things  from  effects.    For 

VOL.  II.  PART  II.  CHAP    II.  E 
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structed  by  the  larynx  how  nature  organizes  active  powers  of 
this  kind^  and  calls  forth^  raises  and  exalts  them  to  the  distinct 
perception  of  sense^  so  as  to  produce  infinite  varieties  of  modes. 
360.  The  uses  of  the  larynx  are,  to  open  the  door  for  the 
pulmonic  air  to  pass  and  repass ;  to  utter  sounds,  and  to  render 
them  sharp  and  clear;  and  again  to  inflect  these  sounds  into 
the  notes  of  singing,  or  else  to  articulate  them  into  words  (/) ; 
consequently  to  undertake  and  perform  the  first  department  of 
offices  in  respiration/modulation,  and  speech ;  and  thus,  by  the 
motion  of  respiration,  to  jjf^ffi^  a.  kind  of  spirit  and  life  into  the 
universal  body ;  by  monnMion,  to  do  the  same  for  the  animal 
mind,  which  is  aflTectept^  this  way ;  and  by  speech,  for  the  ra- 
tional or  human  mindi  thus  to  'excite  the  whol^  with  all  the 
parts,  to  their  proper  n^es  of  action.  The  lismix  is  of  use  in 
the  regulation  of  sil  th^e^m^Sts.  Now  iilLm^T  that  it  may  be 
an  organ  capable  W  producmg*  all  the  tllates  and  varieties  in 


this  reason  I  have  made  up  my  mind  to  scrutinize  diligently  the  organs 
of  the  senses,  previously  to  constmcting  a  doctrine  of  modifications. 
Here  we  are  on  the  mere  threshold,  for  the  larynx  instructs  us  only  how 
it  modifies  ;  that  is,  how  it  gives  origin  to  modifications ;  not  how  mo- 
dification takes  place  :  but  it  is  the  ear  that  receives,  formed,  as  that 
organ  is,  to  all  the  states  of  the  modifying  power.  Nor  can  we  learn 
these  things  anywhere  more  exquisitely  than  from  nature  herself  in  the 
animal  kingdom,  where  she  has  bnilt  a  kind  of  palace,  or  reared  herself 
a  monument,  of  the  arcana  of  all  the  arts  and  sciences. 

(/)  Merely  uttering  sound,  or  sounding,  is  the  most  ordinary  thing 
of  all,  and  common  to  nearly  every  living  creature  upon  earth :  bnt 
making  the  sound  canorous,  is  distinct  from  the  former,  and  proper  to 
the  singer  :  modulating  it  again,  or  inflecting  it  into  various  measures, 
amounts  to  producing  harmony  or  the  form  of  tunes,  according  to  which 
form  sweetness,  agreeableness,  or  unpleasantness,  are  predicated  of 
singing  ;  and  by  which  the  animal  mind  is  afiected  in  various  ways. 
But  articulating  sound,  or  speaking,  is  something  different  firom  the 
sound  and  measure  of  singing,  and  b  brought  about  by  means  of  a 
kind  of  lowered  and  recitative  sound,  that  remains  after  the  Hving  and 
elevated  shrillness  of  singing  is  subtracted  or  taken  away.  But  these 
distinctions  can  only  be  learnt  clearly  by  the  ear,  by  dose  attention, 
and  by  instituting  a  comparison  in  onesself  when  either  singmg  or 
speaking. 
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singmg  and  speech  tliat  are  possible  in  nature^  it  must  be  pos- 
sessed of  the  following  endowments :  I.  It  must  have  acquired 
the  faculty  of  opening  the  glottis  into  all  measures^  figures  and 
forms  whatever^  that  can  be  described  by  the  geometric  com- 
passes^ or  summed  up  by  the  analytic  calculus^  (namely,  fix)m 
the  line  or  fissure  to  the  complete  circle) ;  consequently,  into  all 
possible  intermediate  curves,  both  simple,  and  compounded  and 
mixed  in  infinite  ways.  II.  It  must  be  able  to  diminish  and 
enlarge  these  diversiform  apertures  of  the  glottis,  that  is  to  say, 
the  diameters  of  the  above-mentioned  figures,  within  stated 
limits,  and  by  reason  of  the  varied  dimension,  to  dilate  the 
field,  and  multiply  the  details  of  the  modifications.  III.  It 
must  have  the  power  of  disposing  and  conforming  the  cavity  of 
its  tube  comprehended  by  the  cartilages,  to  the  whole  nature  of 
sound,  to  the  relative  size  of  the  ajperture  of  the  glottis,  and  to 
the  correspondent  condition  of  the  palate,  the  tongue,  the  Ups, 
and  the  mouth.  IV.  At  the  very  moment  when  singing  or 
speaking  are  intended,  the  membranes  must  be  put  in  readiness 
to  receive  the  sonorous  tremblings,  and  instantly  prepared  for 
the  proximate  series  of  varieties :  and  the  laryngeal  tube,  with 
all  the  apparatus  below  and  above  it,  from  the  lungs  to  the 
iq)erture  of  the  mouth,  must  suffer  itself  to  be  extended  or  con- 
tracted, suitably  to  every  heightening  or  lowering  of  the  sound. 
V.  Lastly,  the  larynx  must  have  acquired  the  power  of  begin- 
ning the  sonorous  modification  at  any  point  whatever,  and  of 
determining  it  whithersoever  and  in  whatsoever  quantity  it 
pleases,  either  through  the  labial  orifice,  or  through  the  nares ; 
also  of  stopping  it  suddenly  in  midway,  suspending  it,  and  thus 
breaking  it  articulately,  introducing  pauses,  taking  it  up  again, 
continuing  and  limiting  it,  according  to  the  articulations  and 
breathing  times  in  speech.  VI.  In  order  that  the  power  of  per- 
forming these  ofi&ces  may  subsist  in  perpetual  integrity  in  its 
organic  parts  and  membranes,  the  larynx  must  renovate  them, 
in  such  manner  and  measure  as  use  demands,  with  an  unfailing 
spring  of  the  most  suitable  humor  (^).  Let  us  now  consider 
each  of  these  points  separately. 

{g)  This  use  specially  respects  the  actions  of  the  larynx  when  it 
other  sings  or  speaks ;  but  when  it  only  transmits  tacitly  the  breathings 

e2 
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361.  I.  The  larynx  must  have  acquired  the  faculty  of  opening 
the  glottis  into  all  measures,  figures  and  forms  whatever,  that  can 
be  described  by  the  geometric  compasses,  or  summed  up  by  the  ana- 
lytic calculus;  namely,  from  the  line  or  fissure,  through  aU possi- 
ble intermediate  curves,  both  simple,  and  compounded  and  mixed  in 
infinite  ways,  to  the  complete  circle.  This  we  are  taught  by  the 
infinite  variety  of  soond^ — of  its  quantity,  of  the  degrees  of  that 
quantity,   and  of  the  composition  of  these  degrees  (A).     The 

of  the  lungs,  and  disposes  and  adapts  itself  and  the  epiglottis,  accord- 
ing to  the  varying  entrance  of  the  air,  either  by  the  mouth  oir  the  nares, 
and  according  to  its  varying  quantity, — in  this  case  the  action  does  not 
seem  to  belong  properly  to  the  organic  structure  of  the  cartilaginous 
larynx.  To  the  uses  summarily  propounded  in  the  text,  we  may  add 
one  other  use ;  namely,  that  the  larynx  also  concurs,  as  a  subordinate 
cause,  in  the  work  of  eating :  of  this  use  we  shall  speak  presently. 

(A)  It  is  now  to  be  shewn  that  the  larynx,  by  means  of  the  mus- 
cles and  the  rest  of  its  apparatus,  has  the  power  of  closing  the  glottis 
into  a  mere  fissure,  and  of  expanding  it  into  a  complete  circle,  which 
two  are  the  extremes  of  all  curved  figures  ;  since  between  the  line  and 
the  circle  exist  all  geometrical  and  arithmetical  curves,  of  all  orders  and 
classes;  namely,  ovals,  parabolae  and  hyperbolae,  of  every  possible 
dimension,  diameter  and  kind.  The  last  mentioned  of  these  do  not 
indeed  enclose  a  space,  but  nevertheless  the  aperture  of  the  glottis  may 
be  disposed  on  each  side  in  exact  accordance  to  their  ordinates  and 
diameters ;  likewise  in  accordance  to  other  curves,  even  to  all  descrip- 
tions of  cycloids.  That  the  glottis,  by  variations  of  form,  produces  all 
varieties  possible  in  sound  and  perceptible  by  the  ear,  may  be  seen 
clearly  from  the  case  of  musical  instruments,  as  pipes,  flutes,  trumpets, 
clarions,  cornets,  horns,  and  the  Uke,  which  are  played  by  blowing. 
In  these  instruments,  the  sounds  are  altered,  broken,  rendered  grave 
or  acute,  by  the  mere  variation  of  the  aperture ;  for  when  the  finger, 
wandering  over  the  holes,  closes  up  one  or  more,  a  different  degree  of 
tone  comes  forth  immediately.  But  not  only  does  the  aperture  itself 
vary  the  degrees  of  sound,  but  many  other  causes  concur,  as  the  mate- 
rial of  the  instrument,  its  density,  softness,  elasticity,  length,  and  so 
forth.  The  same  is  the  case  in  the  larynx,  which  is  the  reason  why  no 
two  voices  have  an  absolutely  similar  sound.  Perhaps,  however,  it 
may  be  objected,  that  the  dimension  of  the  aperture  is  of  itself  suffi- 
cient to  produce  these  diversities  of  sound,  as  in  musical  instruments, 
and  that  the  variation  of  the  form  of  the  aperture  contributes  very  httle 
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proximate  and  proper  parts  that  describe  and  vary  these  diversi- 
fonn  apertures  of  the  glottis,  are  the  two  aryteenoid  cartilages  (t), 

to  produce  tbem.  But  inasmuch  as  nature  constantly  aspires  to  the 
highest  perfection,  and  inscribes  upon  the  whole  of  her  organism  a 
&culty  of  infinite  variety,  so  she  also  inscribes  this  faculty  upon  the 
larynx,  and  has  implanted  in  it  a  power  of  producing  all  the  varieties 
of  modes  that  are  possible  in  the  universe, — ^particular,  general  and 
most  general.  Not  to  unfold  this  matter  more  deeply,  that  is  to  say, 
from  causes,  visible  effects  themselves  are  quite  sufficient  to  prove  it. 
How  numerous  the  shapes  which  the  very  aperture  of  the  mouth 
assumes  when  we  are  singing  or  speaking ! — at  one  time  it  is  contracted 
to  a  fissure,  and  the  voice  comes  out  in  its  sharpest  form,  or.  as  a  mere 
hiss ;  at  another  time  it  is  expanded  into  a  fiill  circle,  when  any  grave 
or  great  sound  is  to  be  evolved  ;  or  one  comer  of  the  mouth  is  opened 
more  than  the  other,  and  a  curve  of  uneven  circumference  formed,  some- 
times out  of  all  shape,  deriving,  in  fact,  something  fix>m  the  circle, 
something  from  the  oval,  and  something  from  some  other  figure,  in- 
flected and  reflected.  The  same  may  be  said  of  the  velum  palati  as  of 
the  mouth.  Now  the  aperture  of  the  mouth  of  the  Ups  is  correlative 
or  correspondent  to  that  of  the  glottis,  as  may  be  shewn  by  many  con- 
siderations. If  we  desire  to  speak  firom  positive  causes,  we  must  then 
in  the  first  place  explore  the  air  and  its  modifications,  from  the  form  of 
its  parts,  and  their  powers  of  action.  In  the  present  circumscribed 
arena,  we  cannot  expatiate  in  that  direction ;  for  the  subject  belongs  to 
a  distinct  field.  Nevertheless  for  the  sake  of  the  better  understanding 
of  what  follows,  it  may  here  be  mentioned,  that  the  quantity  of  sound 
results  from  the  quantity  of  the  atmospheric  volume  that  vibrates  at 
once,  or  that  is  excited  simultaneously  to  a  modificatory  tremble.  But 
the  quality  with  all  its  degrees,  is  owing  to  the  celerity  of  the  vibration ; 
as  is  very  evident  from  stringed  instruments,  harps,  lyres,  symphonies, 
harpsichords  and  the  like.  To  these  remarks  it  may  be  added,  that 
sound  is  excited  in  two  ways  ;  Firsts  immediately  by  the  air  itself,  which, 
when  set  in  vibration  by  the  impulses  of  the  mouth,  or  by  various 
shocks  and  reverberations,  impresses  hard  bodies  with  tremors  similar 
to  its  own,  and  which  bodies,  by  their  concurrent  trembling,  exalt 
these  tremors  till  they  reach  the  sensation  of  hearing,  as  in  trumpets 
and  the  Hke,  which  are  played  by  mere  blowing.  Secondly,  by  impetus 
and  impulses  made  immediately  upon  hard,  and  particularly  upon 
dastic  bodies,  as  drums,  cords,  strings,  &;c.,  which  impress  their  tre- 
mors upon  the  contiguous  air.  That  the  larynx  produces  its  sounds 
from  both  sources  will  be  shewn  throughout  in  what  follows. 

(t)  The  arytaenoid  cartilages  form  the  posterior  part  of  the  glottis, 
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by  means  of  muscles^  ligaments^  membranes,  and  glands.  The 
muscles  that  contract  it  to  a  mere  fissure,  are  the  thyro-arytse- 
noidei  {k) ;  to  these,  the  cartilages  just  mentioned  lend  and 
apply  their  own  proper  powers,  by  means  of  their  oblique  decus- 
sating muscles,  the  ary-arytaenoidei  (/) :  lastly,  but  only  in  a 
particular  maimer,  by  the  single  arytaenoideus  or  transversalis, 
which  locks  or  fastens  the  parts  (m).    The  muscles  that  expand 

but  by  means  of  muscles  and  membranes ;  and  by  means  of  their  arti- 
culation, consequently  by  means  of  their  contraction  and  separation, 
they  open  and  constrict  the  aperture  in  diyersiform  ways,  or  even  close 
it  entirely.  The  anterior  border  of  the  glottis, — ^that  which  is  opposite 
to  the  part  just  mentioned, — ^is  formed  by  the  epiglottis. ;  which  seems, 
however,  in  no  d^ree  to  contribute  to  the  variation  of  the  aperture, 
but  by  its  inclination  and  nictitation,  only  relaxes  or  stretches  the  mem- 
brane that  covers  in  the  anterior  border,  for  it  does  not  appear  to  be 
furnished  with  any  articulation  or  muscle  in  this  situation.  Nor  do  the 
other  cartilages,  the  thyroid  and  cricoid,  contribute  in  particular  to  the 
variation  of  the  form  of  this  orifice,  but  only  in  general,  by  giving  the 
aryteenoid  cartilages  the  power  of  coming  closely  togeth^,  or  diverging 
more  or  less  widely  asunder.  No  less  an  effect  than  the  above  can  pos- 
sibly result  from  pieces  of  cartilage  so  moveable  as  the  arytaenoids. 

(k)  The  two  thyro-arytaenoid  muscles  arise  by  very  broad  beginnings 
between  the  thyroid  and  cricoid  cartilages,  and  contracting  as  they  pro- 
ceed, go  each  to  the  neighboring  arytaenoid  cartilage,  and  are  fixed  over 
nearly  the  whole  of  its  anterior  surface  :  in  some  subjects  they  consti- 
tute almost  the  entire  border  of  the  glottis.  See  Winslow,  Exp,  Anat,y 
Tr,  dela  Teste,  n.  452.  The  thyro-arytaenoid  muscles,  according  to 
Heister,  constringe  the  glottis ;  see  above,  n.  354. 

(/)  These  muscles  run  obliquely  from  the  basis  of  one  arytaenoid 
cartilage  to  the  middle  portion  of  the  other,  and  cross  or  decussate. 
Eustachius  has  represented  them  admirably  in  his  Tabid,  Anat.,  tab. 
xviii.,  fig.  16  ;  and  they  are  finely  described  by  Morgagni  [in  his  Advers. 
Anat.  i.,  n.  28]. 

(m)  This  muscle  runs  transversely  on  the  outside  from  one  arytae- 
noid cartilage  to  the  other,  directly  across  the  interstice  that  separates 
the  two,  and  therefore  when  its  fibres  contract,  it  brings  the  arytaenoid 
cartilages  close  together,  and  shuts  the  glottis.  See  Winslow,  Exp. 
Anat.,  Tr.  de  la  Teste,  n.  453,  466.  From  the  foregoing  considera- 
tions it  appears,  that  nature  proceeds  constantly  according  to  the  laws 
of  her  order, — that  in  the  present  case,  in  opening  and  shutting  the 
glottis,  she  appUes  different  powers,  general,  singular,  and  individual 
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this  fissure  into  a  complete  round  or  circle^  are  the  crico- 
aiytsenoidei  posteriores(»);  for  these  draw  downwards  the  two 
cartilages^ — the  regulators  of  the  sounds — and  together  with  the 
crico-arytsenoidei  latendes  (o)^  likewise  draw  them  outwards. 
From  the  immensely  diverse  cooperation  of  the  muscles  that 
close  the  glottis  into  a  mere  fissure^  or  widen  it  into  a  complete 
circle^  we  may  learn  the  nature  of  the  action  of  each  when  any 
intermediate  cunre  is  to  be  figured,  whether  such  curve  be  a 
conic  section,  or  any  other  geometric  curve,  or  an  arithmetical 
or  cydoidal  curve,  or  a  new  and  compound  curve  formed  of  any 
of  these  varieties  {p).    The  Ugaments  also  concur,  particularly 

or  most  singular.  The  general  are  the  thyro-aryteanoid  muscles ;  the 
singular  are  the  ary-aiytsenoid ;  and  the  individual  or  most  singular, 
are  the  transverse  aryteenoid ;  whether  the  latter  be  a  single  muscle,  or 
whether  with  Douglas  we  consider  it  as  two  muscles. 

(»)  The  crico-arytsenoidei  posteriores  cover  nearly  the  whole  pos- 
terior surface  of  the  cricoid  cartilage,  and  are  separated  from  each  other 
by  only  a  small  tendinous  band  or  fascia.  They  are  inserted  in  the 
back  part  of  the  base  of  the  aryteenoid  cartilage  of  the  same  side,  and 
when  they  act,  they  powerfiilly  draw  down  these  cartilages  and  separate 
them  from  each  other,  thereby  opening  the  glottis  by  a  kind  of  general 
action.  "  The  crico-arytsenoidei  posteriores,"  says  Winslow,  **  separate 
the  arytsenoid  cartilages  obliquely  backwards,  and  at  the  same  time 
stretch  or  extend  the  sides  of  the  glottis ;  hence  they  do  not  dilate  the 
glottis  in  the  same  manner  as  the  crico-arytsenoidei  laterales."  (Ibid,, 
n.  464.)  See  Heister  above,  n.  354,  and  Eustachius,  TabuL  Anat., 
tab.  xriii.,  fig.  16. 

(o)  These  muscles,  arising  from  the  side  of  the  broad  part  of  the 
cricoid  cartilage,  and  inserted  in  the  lower  part  of  the  side  of  the 
arytsenoid  cartilages,  draw  the  latter  obliquely  forwards  and  down- 
wards. See  Heister  above,  n.  354,  and  Winslow,  Op,  et  Tract,  Cit,, 
n.  451,  464. 

(/>)  From  the  situation,  insertion,  and  consequent  mode  of  action 
of  these  musdes,  it  is  very  evident  that  there  is  no  possible  figure  that 
they  may  not  produce  by  the  varied  application  of  their  forces ;  for  they 
come  from  all  directions,  and  flow  in  at  all  angles ;  and  this  is  the  case 
both  with  those  muscles  that  shut  the  aperture,  and  with  those  that 
open  it.  Every  fibre  has  its  own  particular  power  of  action,  just  as  in 
all  the  other  muscles  of  the  body ;  so  that  there  are  almost  as  many 
distinct  muscles  as  fibres,  and  which  muscles  can  act  separately  and  can 
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those  which  connect  the  arytenoid  cartilages  to  the  thyroid  and 
cricoid,  and  to  the  epiglottis  (q) :  they  are  in  a  manner  guards 
and  regulators,  that  constantly  restore  the  state,  form,  and  limits 
of  the  larynx  and  glottis,  when  altered  by  the  voluntary  actions, 
to  the  natural  standard,  and  prevent  the  parts  from  throwing 
themselves  beyond  the  limit  prescribed  by  nature;  and  they 
are  in  a  maimer  bonds,  that  compel  the  particular  motions  of 
the  cartilages  and  muscles  to  maintain  an  exact  correspondence 
with  the  general  motions  of  the  tongue,  the  os-hyoides,  the  pa- 
late, and  the  epiglottis  (r).  The  membranes  assist  in  like  man- 
ner,— ^the  membranes  which  are  continued  from  the  palate,  and 
invest  and  cover  all  the  parts ;  for  by  the  mediation  of  the  epi- 
glottis, and  its  arthrodial  movement,  and  if  we  may  use  the 
word,  its  nictitation,  they  accommodate  themselves  exactly  to 
the  modes  of  the  muscular  fibres  {$).     So  also  the  aryt«noid 


act  conjointly ;  therefore  in  complete  accordance  to  every  idea  and  mode 
of  the  directing  or  determinant  power. 

(q)  Bespecting  these  ligaments,  see  Winslow  above,  n.  355.  The 
thyro-arytsenoid  ligaments,  superior  and  inferior  [antica  et  postica],  be- 
tween which  lie  the  orifices  of  the  ventricles  of  the  larynx,  are  exhibited 
very  distinctly  by  Morgagni.  (Advers.  Anat,  i.,  tab.  ii.,  fig.  2,  3.) 
But  we  cannot  predicate  the  same  of  the  Ugaments  as  of  the  muscles ; 
for  they  have  no  Uving  power  of  action,  but  only  suffer  themselves  to 
be  acted  upon  by  the  muscles,  and  react  proportionably ;  restoring  the 
order  or  nexus  of  parts  every  time  the  muscles  infringe  or  strain  it  in 
any  shape  or  way ;  for  the  voluntary  actions  are  constantly  extruding 
parts  from  their  natural  places,  and  therefore  Ugaments  are  required  to 
restore  them:  such  is  the  perpetual  contention  between  nature  and 
the  will. 

(r)  We  shall  speak  of  these  subjects  in  the  next  paragraph. 

(*)  This  is  evident  from  a  mere  description  of  the  extension  and 
continuation  of  this  membrane.  ''The  ligament  of  the  epiglottis," 
says  Verheyen,  "  which  forms  the  sides  of  the  fissure,  arises  from  the 
lining  of  the  fauces.  It  is  however  double,  and  one  layer  covers  the 
convex,  the  other  the  concave,  surface  of  the  epiglottis  ;  after  which  it 
runs  backwards  along  both  sides  of  the  fissure,  and  invests  the  arytee- 
noid  cartilages  and  the  adjacent  glands,  filling  all  their  interstices ;  and 
thus  renders  the  border  of  the  fissure  continuous  and  solid."  {Corp, 
Hum,  Anat.f  tract,  iii.,  cap.  xi.) 
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glands,  which  are  situated  posteriorly  on  the  lip  of  the  fissure, 
and  afford  a  soft  passage  for  the  sounds  (/).  All  these  things, 
by  the  stupendous  ingenuity  of  nature,  lend  their  united  aid  in 
all  the  momenta  of  the  motion,  and  while  they  form  the  aper- 
ture of  the  glottis,  they  also  form  the  sound  itself  in  the  most 
complete  agreement  with  the  laws  of  musical  harmony. 

362.  II.  The  larynx  must  be  able  to  diminish  and  enlarge 
these  d&versiform  apertures  of  the  glottis,  that  is  to  say,  the  dia* 
meters  of  the  above-mentioned  figtires,  within  stated  limits,  and  by 
reason  of  the  varied  dimension,  to  dilate  the  field,  and  multiply 
the  details  qf  the  modifications  (u).     For  in  proportion  as  the 

{t)  These  glands  are  described  and  delineated  by  Morgagni.  ''The 
oblique  portion  of  the  fissure/'  says  he,  ''  is  formed  by  the  two  aryte- 
noid cartilages,  and  also  by  the  two  long  crura  of  the  arytsenoid  glands ; 
consequently  this  part  of  the  glottis  is  double"  (n.  356).  Verheyen 
mentions  another  gland,  which  he  describes  as  ''lying upon  the  superior 
border  of  the  cricoid  cartilage,  between  the  two  arytaenoid  cartilages." 
(Op.  Cit.,  tract,  iii.,  cap.  xi.)  These  glands  cause  the  posterior  part  of 
the  ^ottis  to  ascend  obliquely,  and  thus  give  it  the  power  of  diversi- 
form dilatation,  agreeably  to  the  proposition  we  have  laid  down.  See 
n.  360. 

(m)  It  is  one  thing  to  unfold  or  bend  the  aperture  into  different 
shapes  or  forms,  and  another  to  enlarge  or  contract  these  same  forms 
in  a  general  manner.  By  means  of  the  latter  power  a  variety  of  dimen- 
sion, greater  or  smaller,  is  commonicated  and  superadded  to  every  pos- 
sible form:  the  former  power  respects  only  quahty,  but  the  latter, 
continuous  quantity  or  magnitude.  In  a  given  magnitude,  all  diversities 
of  form  or  aperture  may  likewise  be  produced,  but  differences  result 
therefrom,  like  differences  of  quantity,  that  is,  the  sounds  acquire  gra- 
rity,  grossness,  manliness;  and  as  there  are  infinite  differences  of  quality, 
so  there  are  also  infinite  degrees  of  quantity  :  the  latter  differences  or 
degrees  might  in  a  certain  sense  be  termed  the  quantities  of  quality ; 
excepting  that  quantity  in  sounds  also  respects  their  altitude  or  inten- 
sity. Nature  has  allowed  and  assigned  to  every  larynx  its  peculiar 
limits,  beyond  which  the  area  or  circle  of  the  glottis  cannot  be  en- 
larged ;  she  has  also  bestowed  the  power  of  expanding  these  natural 
limits  to  certain  dimensions ;  which  is  the  reason  why  some  persons 
have  a  natural  gravity  of  voice,  such  as  we  term  manly,  and  others 
again  a  tenuity  and  slenderaess  of  voice  of  a  feminine  character ;  and 
this  according  to  the  extension  of  Umits  allowed  by  nature. 
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opening  of  the  glottis  is  made  roimd  and  large^  in  the  same  pro- 
portion the  voice  becomes  full  and  grave;  and  in  proportion  as 
the  opening  of  the  glottis  is  narrow  and  contracted,  in  the  same 
proportion  the  voice  becomes  sharp  and  small.  Therefore,  ia 
order  to  shape  forth  all,  yea^  even  infinite  varieties,  the  power  of 
enlarging  and  contracting  the  given  forms  ad  libitum,  must  be 
superinduced  upon  the  power  of  varying  the  forms  :  whereby  an 
infinite  variety  is  multiplied  again  by  another  variety  also  infi- 
nite {x).  The  proper  muscles  of  the  larynx  are  not  so  instru- 
mental in  producing  these  varieties  of  dimension,  as  the  tongue 
itself  and  the  os-hyddes  (y) ;  consequently,   as  their  muscles, 

(;r)  Let  us  suppose  an  extension  of  limits  to  a  certain  given  dia- 
meter ;  of  course  we  suppose  at  the  same  time  an  infinite  difference 
between  the  greatest  and  least  diameters,  which,  multipHed  by  the 
former  infinite  variety,  yields  differences  that  exceed  all  amounts  within 
our  calculation. 

(y)  For  this  is  an  accessory  not  to  be  confomided  with  the  modifi- 
ability  of  sound ;  nor  is  the  variation  here  alluded  to  produced  by  the 
proper  muscles  of  the  laiynx ;  being  only  a  common  change  of  state, 
under  which  the  other  changes,  essential  and  proper,  and  the  qualities, 
are  carried  on  in  the  same  mamier  as  if  they  were  not  present.  Indeed, 
singular  states  are  in  no  way  changed  by  the  superinduction  of  general 
states ;  as  we  see  from  the  case  of  particular  undulations  in  one  general 
undulation,  and  of  sonorous  modifications  ;  or  if  the  illustration  be  pre- 
ferred, visual  modifications,  when  the  general  modification,  light  for 
example,  is  varied :  for  the  particular  is  not  aware  of  the  general  change, 
unless  a  higher  power  be  present  to  reflect  upon  the  variation  of  parti- 
culars resulting  therefrom.  The  same  remarks  may  be  applied  to  the 
blood  and  the  humors  of  the  body,  which  permeate  their  vessels  and 
passages,  whether  the  corporeal  system  generally  be  enlarged  or  con- 
tracted ;  also,  to  the  heart,  which  drives  its  blood  through  the  common 
vessels  of  the  body,  and  through  its  own  proper  vessels,  whether  it  be 
expanded  or  contracted,  adult  or  infantine.  In  like  manner  we  regulate 
the  sounds  with  our  fingers,  whether  the  pipe  be  large  or  small.  So  in 
universal  nature, — ^wherever  a  common  state  is  superinduced  upon  mi- 
nute and  most  particular  motions:  consequently  also  in  the  larynx, 
where  the  minute  particular  motions  remain  the  same  through  all  its 
variations  of  size :  which,  indeed,  is  the  reason  why  these  common  vari- 
ations are  most  distinct  from  the  singular  variations,  and  in  consequence 
are  not  dependent  upon  the  proper  muscular  fibres,  but  upon  more 
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namely^  the  stemo-hyoidei,  stylo-hyoidei,  omo-hyoidei,  mylo- 
hyoidei^  and  genio-hyoidei;  and  the  four  lingual  muscles^ 
namely,  the  stylo-glossi,  cerato-glossi,  basio-glossi,  and  mylo- 
glossi  j  and  also  the  digastric  muscles  of  the  lower  jaw  (z).  But 
all  these  are  remote  causes ;  the  action  of  the  tongue  upon  the 
epiglottis  by  means  of  the  epiglottico-lingual  ligament,  is  a  more 
dffect  canse ;  and  the  action  of  the  epiglottis  upon  the  arytae- 
noid  cartilages,  by  means  of  the  Ugaments,  is  the  proximate 
cause  of  the  effect  (a) ;  with  which  also  concurs,  as  an  associate 

remote  fibres  extraneous  to  the  larynx,  and  thus,  in  a  general  manner, 
upon  the  ligaments. 

(z)  That  all  these  muscles,  with  infinite  variety,  act  upon  the 
tongue,  and  by  means  of  the  tongue  upon  the  epiglottis,  and  by  means 
of  the  epiglottis  upon  the  arytsenoid  cartilages,  thus  that  they  act  re- 
motely, may  be  known  clearly  from  their  situation  and  connexion,  as 
weU  as  from  touch  and  sight.  That  the  action  of  these  muscles  extends 
to  the  laiynx,  is  shewn  by  Winslow  in  his  Esop.  Anat,,  TV.  de  la  TetiCy 
n.  443,  444 ;  where  to  the  muscles  I  have  enumerated  he  adds  the 
thyro-pharyngsei  and  crico-pharyngsei ;  of  the  cooperation  of  which  we 
shall  speak  presently. 

(a)  There  is  one  very  broad  ligament  which  is  continued  from  the 
middle  of  the  root  of  the  tongue  to  the  dorsum  of  the  epiglottis,  and 
adapts  this  moveable  and  Ud-like  portion  of  the  larynx  to  all  the  flex- 
ures, retractions,  extensions,  and  foldings  of  the  tongue :  so  that  when 
the  tongue  is  drawn  back  towards  its  root,  as  diuing  all  loud  vocifera- 
tion, and  the  utterance  of  gross  or  base  sounds,  or  of  the  vowels  o  or  tt, 
then  the  very  base  of  the  epiglottis  is  pushed  in,  and  its  extended  por- 
tion bent  backwards.  When,  therefore,  the  epiglottis  is  pushed  in  and 
relaxed,  then  the  arytaenoid  cartilages  are  also  forced  backwards,  or 
rather  they  retract  spontaneously,  so  that  they  are  further  distant  from 
the  median  fissure :  this  is  the  first  cause  of  the  common  enlargement 
of  the  orifice.  Respecting  the  ligament  above  alluded  to>  Winslow 
says,  **  The  epiglottis  has  likewise  two  lateral  ligaments  by  which  it  is 
connected  to  the  arytaenoid  cartilages,  all  the  way  to  their  points  or 
Gomua.  It  has  also  a  membranous  ligament,  which  running  along  the 
middle  of  its  anterior  or  convex  side,  ties  it  to  the  root  or  base  of  the 
tongue"  (n.  355).  The  arytaenoid  cartilages  have  two  apices  to  which 
the  above  ligaments  are  attached ;  these  apices  are  very  small,  move- 
able, and  almost  separable  from  the  bodies  of  the  cartilages ;  the  reason 
of  which  appears  to  be,  that  the  tongue  is  very  frequently  bent  back- 
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proximate  cause,  the  action  of  the  os-hyoides  upon  the  thyroid 
cartilage  by  means  of  the  ligaments  passing  between  the  two(i^ 

wards  during  the  operation  of  eating,  and  at  this  time  makes  constant 
use  of  these  arytaenoid  capitula,  and  this  when  speech  is  not  going  on, 
that  is  to  say,  when  the  larynx  is  unmoved :  such  would  seem  to  be  the 
reason  of  the  flexibility  of  these  Uttle  appendages.  "  In  some  sub- 
jects," says  Winslow,  "  [the  cornicula  of  the  arytaenoid  cartilages]  are 
very  moveable,  appearing  like  true  appendices,  and  easily  separable 
from  the  rest,  as  I  demonstrated  in  my  private  courses  about  eight  years 
ago"  (n.  355). 

(b)  The  thyroid  cartilage  has  four  comua,  two  running  upwards, 
termed  the  superior  comua,  and  two  running  downwards,  termed  the 
inferior  comua  :  these  comua  merely  serve  as  folcra  for  the  ligaments ; 
the  two  superior  for  the  ligaments  between  the  thyroid  cartilage  and  the 
os-hyoides  ;  the  two  inferior  for  the  Hgaments  between  the  thyroid  and 
cricoid  cartilages.  These  are  the  most  considerable  of  all  the  ligaments 
of  the  larynx,  and  the  comua  of  this  cartilaginous  a^s  or  shield  are 
constmcted  and  put  forth  entirely  for  them  and  their  uses :  which  is  a 
sufficiently  dear  proof  that  these  ligaments  make  some  common  cause  ; 
for  otherwise  they  might  have  been  simply  inserted  in  the  side  of  the 
thyroid  cartilage,  without  the  apparatus  of  these  fourfold  processes. 
From  the  situation  and  connexion  of  these  ligaments,  it  is  plain  that 
every  time  the  tongue  draws  itself  back  and  retracts  the  os-hyoides,  it 
also  drives  inwards  the  superior  part  of  the  thyroid  cartilage  and  the  root 
of  the  epiglottis:  so  that  the  arytaenoid  cartilages  are  removed  from  the 
centre  of  the  glottis,  (for  they  are  placed  and  articulated  upon  two  pro- 
tuberances in  the  cricoid  cartilage,)  and  thus  they  acquire  the  power  of 
producing  enlarged  diversiform  apertures.  By  carefdly  examining  this 
contrivance,  we  observe  that  the  approximation  or  removal  of  the  thy- 
roid cartilage  contributes  in  no  d^;ree  to  the  enlargement  of  the  glottis, 
but  only  that  its  approximation  gives  the  arytaenoid  cartilages  the  power 
of  removing  themselves,  and  thus  describing  larger  forms ;  and  this  in 
three  ways.  Firstly,  by  drawing  inwards  at  the  same  time  the  root  of 
the  epiglottis  itself,  so  that  the  arytaeno-epiglottidean  hgaments  being 
relaxed,  the  arytaenoid  cartilages  themselves  are  also  relaxed.  Secondly, 
by  the  thyro-arytaenoid  ligaments  in  like  manner  giving  in.  Thirdly, 
by  the  thyroid  cartilage,  by  its  intropression,  drawing  forwards  the  in- 
ferior part  of  the  cricoid,  which  cartilage,  by  this  adduction,  greatly 
enlarges  the  capacity  of  the  glottis,  namely,  by  driving  back  the 
arytaenoid  cartilages,  which  are  seated  upon  its  posterior  border.  In- 
asmuch as  this  is  purely  mechanical,  therefore  we  may  all  infer  the 
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which  ligaments  again^  in  their  turn^  are  assisted  by  the  liga- 
meDLtary  thyro-arytaenoid  and  crico-thyroid  cords  (c),  and  by  the 
other  more  individual  or  partdcular  ligaments  acting  under 
them  [d) .     By  all  these  means^  the  boundary^  diameter^  and  cir- 

effect,  provided  we  have  an  idea  of  the  connexion  of  the  parts.  "The 
apices  of  the  superior  coraua  [of  the  thyroid  cartilage],"  says  l^^nslow, 
"  are  fixed  to  the  posterior  extremities  of  the  great  comua  of  the  os- 
hyoides,  by  slender  round  ligaments,  about  a  quarter  of  an  inch  in 
lei^h.  .  .  -  The  thyroid  is  likewise  connected  to  the  os-hyoides  by  a 
short,  broad,  strong  ligament,  one  end  of  which  is  inserted  in  the 
superior  notch  of  the  cartilage,  and  the  other  in  the  lower  edge  of  the 
base  of  the  bone"  (n.  355).  In  the  middle  of  the  ligament  ronning 
between  the  superior  comua  of  the  thyroid  cartilage  and  the  os-hyoides, 
we  sometimes  find  a  cartilaginous  nodule,  which  serves  as  it  seems  for 
the  same  purpose  as  the  Uttle  moveable  heads  of  the  arytaenoid  carti- 
lages mentioned  just  above ;  it  provides,  namely,  that  during  eating, 
the  larynx  and  the  thyroid  cartilage  remaining  unmoved,  the  os-hyoides 
may  be  repeatedly  pushed  backward,  without  the  thyroid  cartilage  being 
drawn  back  with  it. 

(c)  When  tjie  superior  part  of  the  thyroid  cartilage  is  driven  in- 
wards, its  inferior  part  is  necessarily  pushed  in  the  contrary  direction, 
or  outwards,  consequently  also  the  inferior  or  anterior  part  of  the  cri- 
coid ;  so  the  superior  and  posterior  parts  of  the  cricoid,  upon  which 
are  sitoated  the  arytsenoid  cartilages,  are  driven  outwards,  and  thus  the 
space  is  enlarged  which  those  cartilages  enclose  behind,  and  by  which 
the  glottis  is  formed.  Respecting  the  crico-thyroid  ligaments,  Winslow 
says,  "  The  cricoid  cartilage  is  connected  to  the  lower  part  of  the  thy- 
roid by  a  strong  ligament,  and  round  about  its  lateral  articulations,  by 
the  ligaments  already  mentioned,  to  the  inferior  comua  of  that  carti- 
lage" (n.  355). 

(cf)  Besides  these  primary  ligaments  there  are  also  others,  which 
may  properly  be  termed  secondary,  inasmuch  as  they  are  individual  or 
nngular,  and  convey  and  propagate  the  general  action  all  the  way  to 
the  least  joints  or  parts.  These  ligaments  are  stretched  between  the 
epiglottis  and  the  thyroid  cartilage,  at  the  middle  notch  of  the  latter, 
where  a  kind  of  triangular  space  is  formed :  also  between  the  thyroid 
and  arytsenoid  cartilages,  on  the  concave  surface ;  and  there  are  others 
besides,  respecting  which  we  refer  the  reader  to  the  descriptions  and 
plates  of  our  Authors.  These  peculiar  and  intemal  ligaments  are  ad- 
mirably figured  by  Verheyen.  (Corp,  Hum.  Anat,,  tab.  xxii.) 
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cumference  of  the  laryngeal  tube^  and  in  the  same  proportion 
all  the  apertures  of  the  glottis,  whatever  be  their  form  and  how- 
soever they  be  varied  by  the  fyrjrtaenoid  cartilages,  are  enlarged, 
and  the  sounds  consequently  rendered  graver.  That  such  is  the 
case,  we  may  readily  convince  ourselves  by  the  sense  of  touch, 
if  we  apply  a  finger  to  the  larynx,  and  specifically  to  the  cricoid 
and  thyroid  cartilages,  or  the  pomimi  Adami,  while  the  larynx 
is  in  the  act  of  singing  or  speaking,  and  the  tongue  is  either 
putting  itself  forward  or  being  retracted. 

863.  III.  The  larynx  must  have  the  power  of  disposing  and 
cor^orming  the  cavity  of  its  tube  comprehended  by  the  cartilages,  to 
the  whole  nature  of  sound,  to  the  relative  size  of  the  aperture  of 
the  glottis,  and  to  the  correspondent  condition  of  the  palate,  the 
tongue,  the  lips,  and  the  mouth  {e).  For  the  universal  mechanism 
of  the  mouth,  that  is  to  say,  the  lips,  the  tongue,  the  velum  pa- 
lati,  the  uvula,  and  the  larynx,  and  with  the  larynx  not  only  the 
glottis,  but  the  whole  length  of  the  tube,  and  even  the  trachea, 
the  bronchia,  and  the  innermost  lungs,  concur  and  conspire,  in 
the  most  harmonious  and  astonishing  manner,  to  the  production 
of  every  tone ;  hence  it  may  readily  be  seen  of  what  innumera- 
ble little  modes  every  mode  is  composed.  In  the  production  of 
this  effect,  the  laryngeal  passage  concurs  with  the  tongue,  by 
means   of  the   ligamentary  connexion  between  the  two,    as 

{e)  The  whole  interior  apparatus  of  the  laiynx  must  necessarily 
concur  to  the  formation  of  the  orifice  of  the  glottis,  in  the  same  manner 
as  not  only  the  muscles  of  the  lips,  but  also  the  cheeks,  the  temples, 
the  lower  jaw,  the  tongue,  the  mouth,  and  the  palate,  concur  to  the 
opening  of  the  mouth ;  all  of  which  at  length  produce  the  ultimate 
effect  in  the  orifice.  Throughout  nature  there  is  always  a  chain  of  effi- 
cient causes,  one  under  another  in  manifold  subordination,  which  chain 
not  only  produces,  but  even  constitutes  the  effect ;  and  of  these  causes, 
moreover,  there  is  a  unanimous  conspiring  and  correspondence ;  thus 
of  course  there  is  the  same  conspiring  and  correspondence  of  the  entire 
passage  of  the  laiynx  with  its  extremities.  But  this  passage  is  circum- 
scribed by  hard  cartilages,  and  notwithstanding  is  variable,  by  the  as- 
sistance of  its  lining  membrane,  and  particularly  of  the  ventricles^  (as 
the  palate,  in  itself  osseous,  is  variable  by  means  of  the  velum)  :  not  to 
dwell  upon  the  power  of  elongation  and  contraction  possessed  by  the 
tube,  and  of  which  we  shall  speak  in  the  next  paragraph. 


Digitized  by  VjOOQ IC 


THE    LABYNX    AND   THE    EPIGLOTTIS.  63 

above  (/) ;  with  the  Telmn  palad^  by  the  continuous  membrane 
that  invests  the  parietes  of  the  tube  within  and  without  (^} ; 
with  the  trachea  and  its  first  rings^  by  the  cricoid  ligaments  af- 
fixed thereto  (h) ;  with  the  inner  margin  of  the  glottis^  by  the 
sinuses  or  ventricles,  which  adapt  the  calibre  of  the  tube  to  the 
aperture  of  the  glottis  {%). 

364.  IV.  At  the  very  moment  when  ringing  or  speaking  are 
intended,  t?ie  membranes  must  be  put  in  readiness  to  receive  the 
sonorous  tremblings^  and  instantly  prepared  for  the  proximate 
series  of  varieties.  This  is  evident  from  all  continuous  sounds, 
that  is^  from  all  the  modulatory  sounds  of  singing ;  and  from 
all  contiguous  sounds,  that  is,  from  all  the  articulate  sounds  of 
speech.  For  during  the  utterance  of  such  sounds,  a  manifest 
tremor  invades  the  membranes,  cartilages,  and  bones ;  particu- 
larly the  cavernous  and  laminated  bones, — those  which  are  fitted 
togethei  in  the  form  of  leaves,  adhere  closely  to  the  periostea 
and  perichondria,  and  are  of  an  elastic  nature.  This  tremor, 
emanating  frt)m  the  trachea  and  the  larynx,  diffuses  itself,  and 
runs  like  lightning,  over  all  points  of  the  palate,  the  nose,  the 

{f)  See  above,  note  (a), 

{g)  See  the  citation  from  Verheyen,  in  note  (*). 

(A)  We  shall  speak  of  these  ligaments  in  the  next  paragraph. 

(i)  The  ventricles  of  the  larynx  perform  many  uses,  that  is  to  say, 
they  not  only  adapt  and  accommodate  the  capacity  of  the  laryngeal 
tube  to  the  diversiform  aperture  of  the  glottis,  but  they  also  multiply 
the  sonorous  tremors  or  modifications  about  the  orifice,  where  these 
tremors  issue  forth ;  and  moreover,  they  stop  the  sound  itself  in  mid- 
way, as  is  perpetually  required  in  speaking ;  wherefore  we  shall  have  a 
more  fit  opportunity  for  treating  of  them  in  what  follows.  Meanwhile 
it  seems  probable  that  they  may  perform  the  same  use  in  the  laiyngeal 
tube,  close  under  the  rhna  gbttidis,  as  the  velum  palati  performs  in  the 
ftnces.  But  as  I  do  not  see  how  they  can  be  expanded  and  filled  by  the 
air,  excepting  at  the  time  when  the  epiglottis  is  driven  back,  and  with 
it  the  superior  part  of  the  thyroid  cartilage,  and  the  thyro-arytsenoid 
ligaments  and  muscles,  therefore  I  do  not  at  present  venture  to  ascribe 
to  them  this  use  as  one  which  they  have  absolutely  and  continually. 
Certain  it  is,  that  when  they  are  kept  expanded,  they  close  the  narrow 
strait ;  but  whether  this  can  be  brought  about  in  any  other  way  than  by 
the  retention  of  the  breath,  and  the  simultaneous  retroaction  of  the 
tongue,  I  am  not  now  able  to  determine. 
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temples^  and  the  cranium^ — ^wherever  the  parts  are  continued  (i). 
The  fact  that  the  membranes  are  brought  suddenly,  by  some 
wonderful  nature  and  art,  into  a  power  of  receiving  tremors, 
and  into  the  modificatory  state  of  sound,  will  be  conspicuously 
evident,  if  we  merely  reflect  upon,  and  apply  our  thoughts  to, 
the  alteration  of  state  in  the  lungs,  the  trachea,  and  the  larynx, 
at  the  moment  that  intervenes  between  the  la^  point  of  respira- 
tion and  the  first  point  of  singing  or  vociferation ;  for  at  this 
time  an  external  and  voluntary  action  upon  the  lungs  and  air 
pipes,  succeeds  instantaneously  in  the  place  of  the  internal  and 
natural  action,  pure  or  mixed  (/) :  and  by  this  new  action  the 

{k)  This  is  evident  from  many  phenomena,  most  manifestly  so  in 
sounds  of  which  the  tremor  is  powerful  enough  to  reach  the  sense  of 
touch ;  as  in  those  that  are  at  once  grave  and  loud,  that  is,  in  great 
sounds,  the  tremble  of  which  sensibly  pervades  the  very  bones  and 
marrows,  as  well  as  other  continuous  and  hard  bodies.  Nothing  is  more 
wonderful  than  the  propagation  of  tremors:  sonorous  modifications, 
almost  in  the  same  manner  as  visual  modifications,  penetrate  the  auras, 
and  pass  into  even  the  very  hardest  substances,  and  into  all  their  con- 
tiguous parts;  so  much  so,  that  the  mere  tremor  or  rumbling  of  a 
wheel,  or  the  clatter  of  a  horse*  s  hoofs,  sometimes  affects  and  shakes 
whole  houses,  mansions,  palaces,  neighborhoods  and  mountains,  until 
the  doors,  roofs  and  windows  vibrate  visibly;  nay,  intervening  lakes 
convey  the  tremor  imparted  to  them,  swift-footed  and  winged  as  it  were, 
from  bank  to  bank.  The  tremors  of  a  purer  nature,  of  which  we  can 
be  rendered  conscious  only  by  a  sense  adequate  thereto,  travel  still  more 
readily,  rapidly  and  perfectly.  It  is  plain,  therefore,  that  the  sonorous 
tremor,  wherever  in  the  body  commenced,  whether  in  the  trachea,  or 
in  the  larynx,  or  elsewhere,  can  never  end  until  it  has  pervaded  the  whole 
system,  or  the  parts  corresponding  to  the  whole; — ^until,  in  fact,  it  arrives 
in  the  end  and  beginning  of  all  things :  and  that  wherever  it  penetrates, 
it  is  propagated  onwards  along  the  organism  presented  to  it :  which  is 
the  reason  why  the  sound,  distinctly  discriminated,  is  forwarded  by  the 
ear  alone  to  the  beginnings  or  principles  of  all  the  sensoria. 

(/)  We  observe  by  reflexion,  that  as  soon  as  ever  we  begin  to  sing 
or  speak,  we  stop  the  natural  act  of  respiration,  and  bold  the  breath, 
to  be  duly  dispensed  for  the  offices  of  singing  and  speaking ;  also  that 
we  do  not  then  allow  the  breath  of  the  lungs  to  flow  out  freely  and 
naturally;  but  the  mind  and  will  taking  the  initiative,  we  determine 
operations  not  only  upon  the  muscles  of  the  larynx,  but  also  upon  the 


Digitized  by  VjOOQ IC 


THE    LARYNX    AND    THE    EPIGLOTTIS.  65 

air  is  forced  out,  and  dispensed  with  exact  economy,  answerably 
to  the  entire  series  of  what  the  mind  is  about  to  utter.  At  this 
point  of  time  we  also  perceive  an  alteration  in  the  direction  of 
the  air,  namely,  to  the  parietes ;  in  fact,  a  species  of  incidence 
and  reverberation ;  and  a  disposition  of  the  membrane  to  receive, 
and  a  preparation  or  endeavor  to  tremble  (w).  The  same  thing 
obtains  evidently  in  all  the  sensoria,  both  in  the  external  sen- 
soria,  of  sight,  hearing,  smell,  taste,  and  touch;  and  in  the  in- 
ternal sensoria,  as  in  the  apperception  and  determination  of 
these,  and  in  thought  itself;  also  in  all  the  motorial  organs,  or 
what  amounts  to  the  same  thing,  in  every  voluntary  action  (w). 

most  general  muscles  of  the  chest ;  so  that  a  kind  of  extrinsic  and 
volontary  action,  succeeds  in  the  place  of  the  intrinsic  or  natural  action. 
Bespiration,  as  we  know,  is  both  natural  and  voluntary ;  consequently 
of  a  mixed  kind  during  the  day.  The  will  acts  upon  its  muscles,  which 
are  the  external  muscles  of  the  thorax,  but  not  upon  the  vesicles  of  the 
lungs  ;  both  these  actions  must  concur  in  order  to  the  existence  of  the 
respiratory  act.  But  in  modulation  and  speech  the  one  seems  to  be 
separated  from  the  other,  so  that  the  voluntary  action  alone  prevails. 
In  these  cases  the  air  passes  out  through  the  bronchia  and  trachea,  by 
means  of  external  compression,  and  therefore  not  so  ordinately  and 
mildly  [as  during  the  involuntary  actions]  ;  it  is  forced  from  side  to  side 
of  the  tube ;  and  in  the  intervals  between  the  joints,  it  is  thrown  and 
repercussed  or  reverberated  against  the  cartilaginous  circles  and  angles ; 
and  in  this  manner  excites  the  membrane.  As  soon  as  any  pause  or 
breathing  time  divides  the  series,  that  is  to  say,  intervenes,  the  action 
again  commences  from  the  innermost  parts  of  the  lungs,  and  the  outer- 
most action  is  accommodated  thereto.  If  then  we  wish  to  define  the 
state  of  speaking  and  singing,  it  may  be  described  as  the  voluntary  act 
separated  from  the  natural  act,  the  effect  of  which  is,  the  impulse  o 
the  air  upon  the  membranes  of  the  parietes,  which  thus  disposed  for 
trembling,  receive  the  impulse  as  the  sensorial  organs  receive  touch. 
But  more  will  be  said  on  these  subjects  in  the  following  Chapter,  when 
we  come  to  treat  of  the  Trachea. 

(m)  See  note  (/)  immediately  above. 

(n)  "We  term  this,  stretching  or  tension  ;  for  the  very  nerves  are 
stretched  to  receive  the  touches  or  forces ;  such  tension  being  bestowed, 
as  an  adjunct,  upon  every  sensorial  organ.  I  am  not  now  speaking  of  the 
application  of  the  organs  to  objects  by  means  of  the  muscles,  as  of  the 
eye,   the  ear,    the  tongue,   &c. ;    but  of  a  certain  disposition  of  the 
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Thus  when  the  membrane  is  made  to  tremble, — as  the  reed  of 
a  pipe  by  blowing,  or  the  string  of  a  harp  by  striking, — ^it  carries 
with  it  into  an  accordant  tremble  the  adjoining  parts,  and  by 
continuity  the  remote  parts,  both  membranous  and  ligamentary, 
cartilaginous  and  osseous,  as  well  as  the  passing  and  circumam- 
bient air,  and  the  very  breath  of  respiration  (o) :  in  this  way 
sound  is  produced,  which  flowing  and  flying  onwards,  is  conti- 
nually enlarged  and  increased  in  the  way,  up  to  a  degree  ade- 
quate to  the  sense  of  hearing.  For  this  end  the  sound,  like  the 
above  sensitive  membrane,  is  continued  from  the  innermost 
recesses  of  the  lungs,  through  the  bronchia,  the  trachea,  the 
larynx,  the  palate,  the  tongue,  the  cheeks,  the  gums,  the  cavi- 
ties of  the  nares,  the  turbinated  bones,  the  sinuses  of  the  cra- 
nium, the  cells  of  the  petrous  portions  of  the  temporal  bones ; 

fibres,  whereby  they  are  most  intently  adapted  to  receive  sensations, 
and  of  an  exaltation  of  their  acumen,  and  sudh  a  disposition,  that  they 
receive  distinctly  the  modifications  which  come  to  them,  and  convey 
them  distinctly  to  the  general  sensorium.  We  see  the  same  thing  in 
the  determination  of  every  action,  and  still  more  sensibly  in  internal 
sensations,  when  we  direct  the  ear  with  great  attention  to  any  person's 
discourse.  That  the  same  tension  exists  also  at  the  very  same  moment 
in  the  larynx  and  trachea,  when  they  are  determined  to  the  act  of 
speech,  may  be  perceived  by  every  one  from  himself  better  than  firom 
any  description.     See  n.  400. 

(o)  It  is  very  evident  from  natural  proofis  of  a  purely  physical  kind, 
that  a  single  thread  or  even  the  finest  filament  is  sufficient  to  convey 
and  transfer  the  tremble  of  one  body  to  another,  to  which  the  former 
is  connected.  A  bell  sounds  quite  distinctly  in  the  vacuum  of  an  air- 
pump,  provided  it  hang  from  the  glass  by  a  slender  thread,  but  not  if 
it  be  altogether  disconnected.  A  string  fixed  by  one  extremity  to  a 
harp,  or  to  any  other  instrument  with  a  lai^  belly,  and  held  by  the 
other  between  the  teeth,  conveys  the  sound  of  the  instrument  loudly 
into  the  ear ;  and  so  in  other  instances.  From  these  and  a  multitude 
of  phenomena  of  this  class,  we  may  infer,  that  the  tension  of  the  so- 
norous membrane  of  the  trachea  and  larynx,  is  originally  and  primarily 
dependent  upon  the  nervous  fibres  inserted  into  it ;  and  that  when  these 
are  set  into  a  tremble,  the  whole  sheet  of  membrane  is  carried  into  a 
similar  tremble ;  and  with  the  membrane,  the  whole  of  the  cartilage, 
and  so  on:  thus  the  sound  increases,  beginning  from  the  smallest 
origin. 
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and  from  these^  by  a  short  cut^  through  the  Eustachian  tube 
into  the  ear ;  and  from  all  these  conftisedly  into  the  two  me- 
ninges ;  but  from  the  ear  distinctly  also  through  the  nervous 
fibres  to  the  general  sensorium  of  the  cerebrum ;  that  is  to  say^ 
to  its  cortical  substance  (p).  For  this  end,  also,  the  organic 
parts  of  the  larynx  are  cartilaginous,  elastic,  excavated,  and 
spongy  {q) ;  and  moreover,  there  are  two  membranous  bottles  or 

(p)  This  is  principally  due  to  the  pituitary  membrane,  which  is 
continued  from  the  cavities  of  the  nares,  not  only  into  the  pharynx  and 
larynx,  but  also  into  the  frontal,  sphenoidal  and  maxillary  sinuses,  and 
even  to  the  dura  and  pia  mater,  as  may  be  seen  in  the  preceding  Chap- 
ter, on  the  Nose.  The  secondary  use  of  the  continuation  of  this 
membrane  seems  to  be,  to  propagate  the  sonorous  tremblings  all  over  the 
cranium,  as  well  as  to  both  the  membranes  of  the  cerebrum,  and  thus 
to  equip,  sandal  or  wing  the  sound :  for  unless  the  whole  of  the  cra- 
nium sounds  together,  the  tremble  cannot  possibly  be  raised  to  the 
measure  and  sphere  of  the  sense  of  hearing ;  as  neither  can  it  be  in  mu- 
sical instruments  unless  the  strings  are  fixed  to  a  contremulous  and 
elastic  belly,  which  thus  sounds  in  unison  with  the  strings  by  a  general 
tremble.  The  sound  of  a  fiddle-string  becomes  loud  exactly  in  propor- 
tion to  the  consonance  of  the  large  body  to  which  it  is  connected.  The 
whole  cranium  serves  as  a  kind  of  belly  to  this  instrument ;  for  without 
its  concurrent  trembling,  the  fibres  alone  would  be  altogether  unequal 
to  ndsing  the  sound  to  our  degeee  of  sensation. 

(q)  The  sponginess  of  the  petrous  and  temporal  bones  will  be 
treated  of  in  our  Chapter  on  the  Organ  of  Hearing.  Morgagni  men- 
tions a  similar  sponginess  in  the  cartilages  of  the  larynx,  stating  that 
he  has  found  *'&  number  of  cells  inside  their  substance,  in  the  thyroid, 
at  the  sides  particularly,  but  in  the  cricoid,  at  the  posterior  part,"  and 
adding,  that  he  has  ''  often  seen  these  cells  filled  with  a  medullary  sub- 
stance" (n.  356).  Likewise  in  the  arytaenoid  cartilages,  according  to 
the  Figures  of  the  same  author.  (Advers,  Jnat,,  i.,  tab.  ii.,  fig.  6.) 
The  more  delicately  foliaceous  the  cartilages  and  bones,  the  more  elastic 
they  are,  and  the  better  accommodated  to  every  Uttle  vibration ;  as  we 
see  exemplified  in  the  little  bones  of  the  ear,  the  cochlea,  the  lamina 
spiralis,  and  the  rest ;  for  every  corpuscule  receives  the  impulses  of  ob- 
jects according  to  its  degree  of  elasticity,  and  returns  the  same  without 
loss  :  which  is  the  reason  why  the  larynx  begins  to  be  deprived  of  its 
acumen  and  distinct  life  as  old  age  comes  on ;  the  cartilages  ossifying 
and  losing  their  elasticity.     ''  Nothing  has  been  more  common,"  says 
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sinuses  at  the  first  door  of  the  issuing  sound, — at  the  threshold 
of  the  glottis  (r).  The  laryngeal  tube,  toith  all  the  apparatus 
below  and  above  it,  from  the  lungs  to  the  aperture  of  the  mouth, 
must  suffer  itself  to  be  extended  or  contracted,  suitably  to  every 
heightemng  or  lowering  of  the  sound ;  namely,  in  order  to  give 
forth  its  infinite  variety  of  degrees  of  intensity,  consequently,  of 
altitude  {s) ;  for  sound  is  raised  and  heightened  in  proportion  as 
the  membrane  is   stretched,   or  the  tube  extended;  which  is 

Morgagni,  "  in  my  dissections  of  the  larynx,  than  to  find  the  thyroid 
and  cricoid  cartilages  of  old  subjects,  either  osseous,  or  in  the  process 
of  becoming  so"  (n.  356). 

(r)  When  the  ventricles  of  the  larynx  are  distended  with  air,  they 
seem  to  have  the  power  of  performing  this  use  ;  for  in  order  that  the 
sonorous  tremor  may  be  exalted  at  the  very  outlet,  that  is  to  say,  in  the 
glottis,  it  is  of  the  greatest  consequence  that  when  thus  raised  to  the 
highest  degree,  it  should  come  forth  into  this  field  of  the  palate,  and 
be  diffused  on  all  sides  :  wherefore  the  ventricles  are  so  placed,  and  so 
inserted  under  the  rima  glottidis,  that  the  whole  of  every  tremor  taken 
up  by  them,  is  propagated  to  the  rima  itself,  and  at  the  same  time  to 
the  ligaments  that  go  to  the  os-hyoides,  and  is  efiused  over  the  adjacent 
parts  in  all  directions.  But  I  cannot  ascribe  the  origin  of  sound  to  the 
ventricles,  both  because  they  are  not  constantly  in  a  state  of  expansion, 
and  because  we  may  clearly  observe  in  our  own  persons,  that  sound  has 
its  origin,  at  will,  or  according  to  national  habit,  at  one  time  con- 
siderably below  the  larynx,  at  another  time  within  it,  and  sometimes 
even  in  the  palate  itself,  as  I  shall  have  occasion  to  explain  in  the  course 
of  the  present  paragraph,  and  also  in  the  next  chapter.  Still  less  can 
I  admit  that  the  ventricles  give  forth  a  hissing  sound  by  their  compres- 
sion, since  in  this  human  organ  sound  arises,  not  as  in  pipes,  flutes 
and  trumpets,  by  the  intrusion  of  the  air  into  the  Ups  of  the  instru- 
ment, but  by  the  direction  of  the  air  towards  the  membrane,  which 
being  stricken  thereby  begins  to  tremble,  and  soon  communicates  to  the 
air  a  concurrent  tremble. 

(*)  It  is  one  thing  to  modify  sound,  that  is,  to  render  it  grave  or 
acute,  (which  we  have  described  as  being  eflccted  by  the  variation  of 
the  mouth  of  the  glottis ;)  and  it  is  another  thing  to  render  sound, 
whatever  be  its  mode,  high  or  low,  strong  or  weak.  Shouting  is  pro- 
duced by  the  highest  expressions  of  sound ;  but  whispering,  or  tacit 
speech,  as  when  we  speak  in  another  person's  ear,  by  the  contrary. 
All  who  are  acquainted  with  music  know  perfectly  well,  that  the  sound 
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effected  by  means  of  the  stemo-thyroid  (/)  and  hyo-thyroid  mus- 
cles {u)  ;  also  by  tbe  raising  and  laying  back  of  the  epiglottis ; 
and  by  the  contraction  of  the  trachea  by  means  of  the  mus- 
cles (a?)  ;  and  subsequently,  by  the  [contraction  of  the]  cricoid 
cartilage  by  means  of  the  Ugaments(y).     On  the  other  hand, 

is  lowered  when  the  string  is  relaxed,  and  heightened  when  the  string 
is  stretched. 

(t)  The  stemo-thyroid  muscles  are  like  broad  bands ;  arising  from 
the  internal  or  posterior  surface  of  the  sternum,  sometimes  also  from 
the  neighboring  part  of  the  clavicle,  and  of  the  first  rib,  they  ascend 
along  the  neck  and  the  trachea  all  the  way  to  the  thyroid  cartilage,  and 
are  inserted  into  its  base  and  sides :  in  their  ascent  they  are  covered  by 
the  stemo-hyoid  muscles.  When  they  act  by  the  contraction  of  their 
fibres,  they  draw  down  the  thyroid  cartilage  towards  the  trachea  ;  con- 
sequently when  the  trachea  is  contracted,  the  whole  tube  of  the  larynx 
at  once,  as  far  as  possible,  is  simultaneously  extended.  Thus  the  entire 
larynx  seems  not  only  to  be  drawn  down  from  its  place,  but  also  to  be 
in  a  measure  elongated. 

(w)  The  hyo-thyroid  muscles,  connected  by  one  extremity  to  the 
base  and  to  the  neighboring  part  of  the  comu  of  the  os-hyoides,  by  the 
other,  to  the  thyroid  cartilage  near  its  base,  interweave  their  fibres  with 
those  of  the  stemo-thyroid  muscles.  They  elevate  the  thyroid  cartilage 
and  separate  it  from  the  cricoid ;  consequently  when  the  trachea  con- 
tracts its  rings,  the  laryngeal  tube  is  a  Httle  elongated,  and  the  mem- 
brane which  invests  the  passage  is  stretched.  But  these  two  muscles 
seem  to  perform  not  only  this  use,  but  also  a  still  more  important  use 
in  the  operation  of  eating,  namely,  by  drawing  the  larynx  up  and  down, 
and  thus  adapting  it  to  the  modes  of  the  pharynx  and  cesophagus  in 
swallowing. 

(x)  Respecting  the  muscles  of  the  Trachea  see  the  next  Chapter. 

(y)  The  cricoid  cartilage  has  ligaments  whereby  it  is  connected  not 

only  to  the  thyroid,  but  also  to  the  rings  of  the  trachea.     "  Its  base," 

says  Winslow,  "  is  attached  to  the  first  cartilaginous  ring  of  the  trachea, 

by  a  ligament  exactly  like  those  by  which  the  other  rings  of  the  trachea 

are  connected  together.     The  membranous  or  posterior  part  of  the 

trachea  is  likewise  connected  to  the  posterior  part  of  the  base  of  the 

cricoid  cartilage"    (n.  355).       From  the  ligaments  that  connect  the 

thyroid  and  cricoid  cartilages,  it  is  evident  that  the  cricoid  is  drawn 

downwards  to  the  trachea,  nearly  every  time  the  thyroid  is  drawn  down 

by  the  stemo-thyroid  muscle  ;  shewing  that  it  is  almost  necessary  for 

the  thyroid  to  be  relaxed,  in  order  for  the  ericoid  to  descend. 
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the  membrane  is  relaxed  when  the  tube  is  contracted^  which 
happens  when  the  before-mentioned  muscles  relax^  when  the 
epiglottis  bends  down  to  the  fissure  of  the  glottis^  and  the  tra- 
chea returns  towards  the  cricoid  cartilage ;  to  which  parts  the 
ventricles  of  the  larynx,  as  the  common  regulators  of  the  tension 
of  this  membrane,  close  beneath  the  fissure,  appear  to  afford 
very  considerable  assistance,  serving  by  their  expansion  to  pro- 
duce the  tension  of  the  membrane,  and  by  their  constriction  to 
produce  its  relaxation  {z) ;  and  to  all  these,  the  muscles  of  the 
chest,  and  the  hyoidei,  linguales  and  palatini,  lend  and  minister 
a  general  assistance. 

865.  V.  The  larynx  must  have  acquired  the  power  of  begirt 
fling  the  sonorous  modification  at  any  point  whatever ^  so  as  to 

{z)  As  the  aperture  of  the  mouth  may  be  formed,  opened  and  con- 
tracted variously  by  the  diverse  application  of  the  tongue,  and  drawing 
down  of  the  lower  jaw ;  and  the  aperture  of  the  palate,  by  the  diverse 
folding,  extension  and  constriction  of  the  velum, — so  may  the  aperture 
of  the  glottis  by  the  membranous  ventricles  or  sinuses  ;  by  which  means 
there  is  a  correspondence  between  the  apertures  of  the  mouth,  of  the 
palate  and  of  the  glottis,  particularly  in  speech,  when  the  pauses  or 
breathing  times  are  very  numerous,  and  every  time  these  happen,  the 
ventricles  may  be  variously  expanded  or  relaxed.  Every  expansion  and 
relaxation  of  the  ventricles  is  communicated  ultimately  to  the  membrane 
that  lines  the  laryngeal  passage,  for  the  ventricles  are  themselves  com- 
posed of  that  very  membrane.  "They  are  chiefly  formed,"  says 
Winslow,  "  by  a  continuation  of  the  internal  membrane  of  the  laiynx" 
(n.  355).  Consequently  when  they  are  expanded,  the  membrane  of  the 
passage  is  drawn  to  them,  and  the  contrary  happens  when  they  are 
relaxed.  Thus  they  seem  to  deserve  the  title  of  general  regulators  or 
tensors  of  the  sonorous  membrane  of  the  larynx  itself;  like  as  in  mu- 
sical instruments,  of  which  the  membranes,  (as  in  the  case  of  the  drum,) 
or  strings,  require  to  be  tightened  or  slackened  by  means  of  regulators 
or  tensors.  On  this  subject  Lancisi  says  in  hb  notes  to  Eustachius, 
(TabuL  Anat,,  tab.  xviii.,  fig.  25.)  "Nor  do  the  muscles  of  the  thy- 
roid cartilage  serve  for  modulating  the  voice,  only  by  compressing  the 
dorsum  of  the  ventricles,  but  also  in  many  other  ways,  by  changing 
the  shape  of  the  whole  internal  cavity  of  the  larynx  ;  for  if  the  same 
thyroid  muscles  cooperate  with  the  arytcenoid  musdes,  it  is  scarcely 
possible  that  the  figure  of  the  cavity  comprehended  between  them 
should  not  in  some  measure  be  changed." 
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give  the  first  impulse  to  the  air  wheresoever  it  pleases^ — in  the 
trachea,  either  near  the  lungs^  or  near  the  larynx ;  or  in  the 
larynx  itself^  high  up,  or  low  down ;  or  in  any  part  of  the  pa- 
late. That  the  larynx  has  this  power,  is  very  conspicuous,  (if 
we  pay  attention  to  all  the  circumstances,)  from  national  pecu- 
liarities of  speech,  from  the  abnormal  speech  of  particular 
persons  (a),  as  well  as  from  our  own  speech  as  determined  by 
the  character  of  the  words  we  use,  or  called  forth  in  obedience 
to  the  will  (6).     The  larynx  must  also  have  the  power  of  deter- 

(a)  There  is  the  greatest  diversity  in  the  speech  of  different  nations, 
both  with  respect  to  the  origin  of  the  sound,  and  to  its  direction  and 
termination ;  to  say  nothing  of  the  complication  and  heaping  together 
of  many  sounds.  With  respect  to  origin,  some  persons  draw  out  the 
beginnings  of  sounds  from  the  deepest  source, — from  the  very  bronchia 
of  the  lungs,  and  extract  and  eructate  them  in  the  manner  of  sobs  or 
sighs  from  the  lowest  parts ;  others  speak  very  softly,  from  the  trachea, 
dose  under  the  larynx,  and  others  again  even  speak  in  the  fauces. 
Respecting  ventriloquists,  as  they  are  called,  and  respecting  loquela 
pythica,  we  refer  the  reader  to  the  records  of  natural  history.  There 
are  also  numerous  instances  in  which  words  are  brought  almost  from  the 
mouth,  and  thus  have  an  obscure  and  pultaceous  character.  In  fact, 
if  we  experiment  for  ourselves,  and  bring  to  the  task  some  natural  power, 
improved  by  practice,  we  shall  have  proof  positive  of  these  assertions. 
To  this  we  may  add,  as  a  proof  from  reason,  that  if  a  sonorous  mem- 
brane admit  of  tension  in  one  part,  it  must  also  admit  of  tension  in 
another ;  wherefore  this  depends  entirely  upon  the  determination  of  the 
air,  whereby  it  impinges  upon  the  sides  in  dififerent  situations  ;  just  as 
we  have  the  choice  of  exciting  one  set  or  another  of  the  fibres  of  a 
muscle  or  muscles,  which  can  produce  together  this  or  that  effect. 

(b)  For  if  by  means  of  the  muscles  of  the  lungs  and  trachea,  we 
have  the  power  of  extracting  and  uprooting  our  speech  from  a  deeper 
source,  as  by  reflexion  upon  that  act  appears  to  be  the  case,  then  by 
the  compression  of  the  bronchia  and  of  the  lowest  part  of  the  trachea, 
and  by  the  slanting  of  their  angles,  we  may  be  able  to  produce  a  rever- 
beration of  the  air ;  so  that  the  sonorous  tremor  begun  at  the  bottom, 
creeps  up  into  the  larynx,  where  it  is  formed  and  articulated  into  the 
distinct  notes  of  sound,  or  divisions  of  the  voice.  The  same  may  be 
said  if  we  are  able,  diverting  from  the  ordinary  and  natural  way,  to 
evoke  the  sound  of  the  voice  from  the  palate  itself,  the  glottis  being  in 
a  manner  closed,  but  which  sound  will  in  this  case  be  obscure,  indis- 
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mining  the  same  modification^  whithersoever  and  in  whatsoever 
quantity  it  pleases ,  either  through  the  labial  orifice  or  through  the 
nares.  This  power  is  conferred  upon  it  by  the  cooperation  of 
many  instruments,  namely,  of  the  epiglottis  (c),  of  the  velum 
palati,  with  the  concurrence  of  the  uvula  (d),  of  the  tongue,  and 

tinct  and  harsh.  This  may  be  proved  by  every  one  who  will  take  the 
trouble  to  consult  his  own  experience  upon  the  subjects  now  under  con- 
sideration. For  there  is  nothing  more  than  a  direction  of  the  air  against 
some  part  of  the  side  of  the  membrane,  stretched  and  tightened  by 
means  of  the  voluntary  muscles,  to  receive  the  tremor  of  the  sounds. 

(c)  The  proximate  cause  of  the  determination  of  the  sound  or 
sonorous  air,  appears  to  be  the  epiglottis,  which  prolonged  continuously 
from  the  anterior  border  of  the  glottis,  naturally  carries  off  along  its 
concave  surface  the  sonorous  air,  as  well  as  the  respiratory  air  itself, 
towards  the  cavities  of  the  nares  ;  but  which  is  not  the  case  if  the  epi- 
glottis be  incHned  or  laid  back  towards  the  cavity  of  the  mouth,  over 
the  surface  of  the  tongue.  The  epiglottis  itself  is  likewise  cartilaginous, 
and  covered  by  the  same  sonorous  membrane ;  consequently  it  continues 
the  tremors,  and  communicates  them  thus  continued  to  the  escaping 
air.  It  is  important  to  bear  in  mind,  that  the  tremor  of  the  membrane 
or  cartilages  is  not  the  proximate  cause  of  sound,  but  the  tremor  of  the 
air  itself,  which  is  excited  to  a  concurrent  tremble  by  the  membranes 
and  cartilaginous  springs.  So  in  stringed  instruments,  the  strings  or 
cords  are  not  the  proximate  causes  of  the  sound,  but  the  air  itself, 
which  is  carried  into  a  concurrent  tremble  by  means  of  the  strings. 
The  modification  of  the  air  alone  affects  the  organ  of  hearing,  and  shakes 
the  semispiral  membrane  of  the  cochlea  in  different  ways ;  not  so  the 
tremor  itself ;  unless  the  latter  passed  into  the  winged  and  light-footed 
air,  no  sensation  could  be  produced.  Consequently,  as  I  before  advised 
the  reader,  the  principle  of  sound  as  existing  in  the  animal  kingdom  is 
twofold ;  first,  the  air  impinges  upon  a  membrane  capable  of  trembling 
concurrently  with  itself;  and  secondly j  the  membrane  imparts  its  trem- 
ble to  the  air ;  so  that  the  membrane  and  the  air  make  common  cause ; 
and  in  this  way,  moreover,  the  purely  respiratory  air  is  converted  into 
sound.  Hence  the  animal  harmonic  instrument  resembles  not  only 
musical  instruments  that  are  played  by  blowing,  as  pipes,  trumpets, 
clarions,  but  also  those  that  are  played  by  striking,  as  harps  and  lyres. 

{d)  We  treated  in  the  last  Chapter  of  the  velum  palati,  and  of  its 
applicabihty  to  the  smallest  point  of  variation  in  speech,  respiration 
and  eating;  as  demonstrated  experimentally  by  Boerhaave;   and  we 
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of  the  orifice  of  the  lips.  Lastly y  the  larynx  must  have  the  power 
of  stopping  the  modification  suddenly  in  midway ,  by  closing  the 
path,  or  intercepting  the  passage,  as  the  sound  is  issuing ;  by 
the  opposition  of  the  tongue,  preventing  its  escape  through  the 
orifice  of  the  hps ;  by  the  folding  of  the  velum  palati,  preventing 
its  escape  through  the  nasal  cavities ;  and  by  the  interposition 
of  the  ventricles  of  the  larynx,  preventing  its  escape  through 
the  glottis  {e).  Were  it  not  for  this  threefold  power  and  inter- 
there  shewed,  that  its  power  of  accommodating  itself  momentarily  to 
all  these  states  is  principally  derived  from  the  uvula.  Thus  according 
to  the  canopying  and  direction  of  the  velum,  we  have  the  power  of  deter- 
mining the  measured  air,  or  the  sound  that  accompanies  it,  either  into 
the  cavity  of  the  mouth  above  the  tongue,  or  through  the  great  opening 
towards  the  cavities  of  the  nares,  or  even  of  dividing  the  aerial  stream, 
so  as  to  allow  one  part  of  it  to  fly  out  through  one,  and  another  through 
the  other  of  these  apertures ;  whence  a  variety  is  immediately  induced 
upon  the  sound.  There  are  naturally  some  words  and  syllables  that  are 
what  is  termed  nasal  and  guttural,  and  that  are  not  presented  with  their 
natural  harmony  and  tone  unless  they  are  emitted  simtdtaneously  through 
both  doors, — the  mouth  and  the  nares.  When  these  words  are  pro- 
nounced, it  becomes  evident,  that  not  only  the  velum  palati,  but  also 
the  very  tongue,  appUed  to  the  mouth  or  to  itself,  closes  the  passage 
against  a  quantity  of  the  air  that  is  about  to  escape. 

{e)  This  seems  to  be  the  leading  use  of  the  ventricles  of  the  larynx, 
namely,  that  in  speech,  when  the  sound  is  to  be  divided  off  into  parts, 
they  instantly  close  the  passage  for  the  air  from  the  lar3mx  into  the 
palate ;  just  as  the  palate  has  the  office  of  intercepting  the  air,  and  pre- 
venting it  from  passing  into  the  nares ;  and  the  tongue,  from  being 
poured  forth  through  the  aperture  of  the  lips.  For  when  the  divisions, 
pauses  or  breathing  times  take  place,  then  the  air,  being  shut  up  also 
externally  in  the  palate,  is  intruded  and  rushes  through  the  fissures  into 
these  ventricles,  and  extends  them.  Thus  the  ventricles  fill  up  the 
space  that  lies  below  the  rima  glottidis,  and  in  a  manner  strip  the  es- 
caping air  of  its  wings.  Without  the  detention  of  the  breath  or  air, 
we  can  scarcely  imagine  how  these  ventricles  or  sinuses  can  swell  up, 
for  their  orifices  lie  between  the  two  superior  and  inferior  [anteriori 
et  posteriori]  thyro-arytaenoid  ligaments;  the  thyro-aryt«enoid  muscle 
also  skirts  the  anterior  border  of  the  ventricles.  In  order,  therefore, 
that  they  may  be  opened,  and  the  air  have  an  opportunity  of  entering 
them,  it  must  necessarily  come  in  from  above,  while  the  ligaments  and 
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nal  contriyance  of  nature^  the  tongue  could  never  be  taught  to 
speak^  nor  could  the  mind^  albeit  it  might  command  the  mus- 

internal  muscular  fibres  of  the  thyroid  are  relaxed,  and  while  the  glottis 
is  open  :  for  at  this  time  the  ventricles,  extended  by  the  simple  entrance 
of  the  air,  seem  to  be  able  to  stuff  completely  the  inferior  cheek  of  the 
glottis ;  and  all  the  more  closely  if  the  thyroid  muscle  at  the  same 
moment,  or  even  if  the  cartilage  alone,  in  consequence  of  its  retraction 
by  the  thyro-hyoid  ligaments,  acts  or  contracts.  Inasmuch  as  this 
muscle  covers  their  anterior  borders,  therefore,  by  its  contraction,  it 
causes  the  lower  portion  of  the  cavity  of  these  ventrides  to  swell  up, 
to  the  complete  closing  of  the  laryngeal  orifice.  This  is  the  reason 
why  animals  that  do  not  possess  these  ventricles,  cannot  divide  their 
sounds,  but  draw  forth  the  sound  in  one  continuous  thread ;  as  is  the 
case  with  oxen :  while  other  animals  that  utter  sounds  discriminately  or 
by  intervals,  as  the  neighing  horse,  do  possess  them.  It  shoidd,  how- 
ever, be  borne  in  mind,  as  before  stated,  that  the  continuity  of  the 
sound  may  also  be  intercepted  by  other  natural  instruments,  for  instance, 
by  the  velum  palati  and  the  tongue.  But  we  must  now  subjoin  from 
our  Authors,  a  description  of  these  ventricles,  to  enable  the  reader  to 
form  a  judgment,  in  conformity  we  hope  with  what  we  have  laid  down, 
respecting  the  use  of  the  same.  "These  two  ligaments,"  says  Mor- 
gagni,  "leave  between  them  on  each  side  a  nearly  elliptical  fissure, 
which  is  sometimes  long  enough  to  admit  the  end  of  the  thumb,  some- 
times only  to  admit  the  tip  of  one  of  the  fingers These  fissures 

are  the  orifices  of  two  cavities ;  .  .  .  .  where  they  approach  the  base  of 
the  epiglottis  the  cavities  become  deeper,  in  consequence  of  the  addition 
of  appendages  [ventriculorum  appendices]  of  greater  or  smaller  size. . . . 
The  ventrides  of  the  laiynx  are  dosed  in  acute,  and  expanded  in  grave 
tones.  They  are  placed  immediately  within  the  circumference  of  the  thy- 
ro-aryt«enoid  muscles,  and  therefore  also  within  that  of  the  thyroid  carti- 
lage" (n.  356).  "  We  observe,"  remarks  Lancisi  in  his  notes  to  Eusta- 
chius,  (TabuL  Jnat.,  tab.  xviii.,  fig.  25),  "that  the  thyroid  muscles 
are  not  intended  for  producing  the  motions  of  the  thyroid  cartilage, 
but  for  striking  gently  and  at  will  upon  the  ventricles  placed  close 
underneath  them. . . .  The  action  of  the  thyroid  muscles  seems  to  me  to 
be  directed  almost  wholly  to  driving  the  sides  of  the  ventricles  forcibly 
inwards,"  &c.  "  Under  these  two  ligamentary  cords,"  says  Winslow, 
"  there  are  two  others,  which  run  likewise  firom  behind  forwards.  The 
interval  between  the  superior  and  inferior  cords  on  each  side  forms  a 
transverse  fissure,  which  is  the  opening  of  a  small  membranous  bag, 
the  fundus  of  which  is  directed  outwards,  that  is,  towards  the  alee  of 
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cles  of  the  larynx,  commit  anything  to  discourse.  Fw  the 
larynx  must  be  able  to  suspend  sounds ,  to  break  them  articulately, 
to  introduce  pauses  between  them,  to  take  them  up  again,  to  con- 
tinue and  limit  them,  according  to  the  articulations  and  breathing 
times  in  speech.  These  powers  belong  to  speech,  the  others  be- 
long to  sound ;  for  when  the  former  are  taken  away,  the  only 
thing  remaining  is  sound,  with  its  proper  discriminations  or 
distinctions;  that  is  to  say,  either  acute  or  grave,  weak  or 
strong,  canorous  or  vocal  (/).     All  the  other  varieties  of  sound 

the  thyroid  cartilage ;  these  two  sacculi  are  the  ventricles  mentioned  by 
the  ancients,  and  restored  by  Morgagni,  who  has  given  an  excellent 
description  of  them"  (n.  355).  "On  each  side/'  says  Verheyen,  "be- 
tween the  two  ligaments  [connecting  the  thyroid  cartilage  and  the 
epiglottb  to  the  arytsenoid  cartilage],  there  lies  a  sinns  of  considerable 
size,  about  as  long  as  the  thumb  is  wide,  and  when  expanded,  of  about 
the  same  breadth  as  length,  but  of  greater  depth.  These  sinuses  are 
placed  in  the  anterior  part  of  the  larynx,  transversely  under  the  epi- 
glottis. They  are  of  a  semi-oval  figure,  as  may  be  seen  from  the  de- 
scription of  the  ligaments  that  bound  them,  and  constitute  their  two 
borders,  superior  and  inferior.  From  their  origin  they  pass  on  each 
side  upwards  and  forwards,  and  about  the  middle  of  their  height  or 
depth,  or  perhaps  a  little  farther  on,  they  become  suddenly  contracted. 
They  are  so  constructed  that  they  can  readily  receive  the  air  during 
expiration,  but  with  difficulty  during  inspiration."  (Corp,  Hum.  Anat.y, 
tract,  iu.,  cap.  xi.)  From  a  comparison  of  these  authorities  it  may  be 
seen,  that  the  ventricles  are  filled  with  air,  and  swell,  by  the  mere 
pause  of  breathing,  that  is  to  say,  by  the  retention  of  the  air,  what- 
ever may  be  the  size  of  the  aperture  of  the  glottis.  Thus  they  instan- 
taneously stop  the  passage  in  the  little  throat  of  the  larynx,  whenever 
any  little  word  is  broken  [off  from  the  sound],  or  any  stop,  ever 
so  small,  interposed  ;  as  is  happening  every  moment  in  the  course  of 
speech. 

(/)  In  reality  the  universal  essences  of  sound  may  be  reduced  to 
two ;  one  that  respects  its  quality,  the  other,  its  quantity  :  the  variations 
of  the  former  are  properly  termed  modes  or  modifications,  for  while  these 
vary,  the  essence  is  permanent.  Acuteness  is  one  extreme  of  quality ; 
grarity,  or  if  I  may  use  the  expression,  grossness,  is  the  other  extreme ; 
but  the  extremes  of  quantity  are  altitude,  or  the  exaltation  of  the  sound 
to  the  highest  degree,  and  lowering,  or  the  letting  it  down  to  the  lowest, 
or  until  it  is  scarcely  audible.     To  these  I  should  also  add  a  third  kind. 
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are  referable  and  convertible  to  these  as  general  pivots,  and  re- 
sult from  the  diversity  of  the  membranes,  cartilages,  orifices, 
and  origins : — I  allude  to  such  varieties  as  sweet,  soft,  gentle, 
voluble,  clear,  shrill,  slender,  puerile,  feminine,  and  manly 
sounds;  to  unpleasant,  rough,  hard,  theatrical,  compressed, 
thin,  languid,  and  dull  sounds ;  also  to  the  sounds  of  muttering, 
whispering,  murmuring,  hissing,  creaking,  stammering;  and 
of  neighing,  bellowing,  bleating,  &c.  {g). 

namely,  canorous  sound  or  the  sound  of  singing,  and  vocal  sound,  or 
that  of  words  or  speech  ;  the  differences  between  which  appear  to  con- 
sist in  the  respective  exaltation  of  the  tremors.  Canorous  sound  has  in 
it  a  kind  of  compound  tremor,  made  up  as  it  were  of  subordinate 
lesser  tremors  ;  which  produces  the  shrillness  that  is  not  observed  in 
vocal  sound.  If  we  may  make  use  of  a  comparison  which  is  not,  how- 
ever, altogether  applicable,  there  is  a  difference  between  the  two  like 
what  there  is  between  the  leaping  motions  of  the  body,  for  the  produc- 
tion of  which  the  muscles  of  all  the  limbs  require  to  be  relaxed,  so  as 
to  conspire  together,  and  the  ordinary  step  or  walking  gait.  Thus  by 
reason  of  its  composition  I  have  thought  it  right  to  add  this  third  kind 
of  sound :  but  all  the  other  varieties  result  from  these  three,  and  are 
referable  thereto  :  hardness,  softness,  shortening  and  continuation  con- 
tribute nothing  to  the  nature  of  sound,  but  only  to  presenting  in  different 
ways  the  varieties  of  the  essentials. 

(ff)  Human  language  is  very  inadequate  to  express  the  varieties  and 
differences  that  obtain  in  sounds,  and  in  fact  in  the  other  sensations, 
those,  for  instance,  of  taste  and  smell.  We  make  use  only  of  names 
derived  from  objects  that  excite  similar  feelings,  and  this  in  so  indis- 
tinct a  manner,  that  even  the  differences  peculiar  to  one  sense  are  ap- 
plied to  another,  as  sweetness,  unpleasantness,  smoothness,  roughness 
and  the  like.  Thus  in  discriminating  the  properties  of  sound,  we  are 
obliged  to  take  from  the  common  storehouse  of  language,  words  which 
the  mind  has  privileged  according  to  its  affections.  In  each  of  these 
varieties  there  are  again  infinite  other  varieties, — of  sweetness,  clearness, 
sharpness,  fineness,  languidness, — which  is  the  reason  why  the  sound 
of  one  man's  voice  can  never  be  altogether  similar  to  that  of  another's. 
That  sound  is  the  most  perfect  which  can  be  inflected  into  the  greatest 
number  of  varieties ;  when  from  the  harmonious  conjunction  of  many 
sounds  a  pleasant  concord  is  produced,  which  while  it  soothes  the  ear, 
soothes  also  the  animal  mind,  and  insinuates  itself  deeply  and  more 
deeply  into  the  ideas  of  the  rational  mind,  and  keeps  them  intent  upon 
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366.  VI.  In  order  that  the  power  of  performing  these  offices 
may  subsist  in  perpetual  integrity  in  its  organic  parts  and  mem- 
branes, the  larynx  must  renovate  them  in  such  manner  and  mea- 
sure as  tise  demands,  tvith  an  unfailing  spring  of  the  most  suitable 
humor.  For  this  end,  a  great  number  of  glands  are  clustered 
together  in  the  very  beginning  of  the  laiynx,  at  the  borders  and 
circumference  of  the  glottis,  near  the  most  moveable  parts,  and 
among  the  dehcately  tremulous  and  sonorous  membranes;  I 
mean,   the  arytaenoid  (A),    epiglottidean  (i),  and  other   glands, 

the  successive  series  of  things.  There  is  also  a  variation  according  to 
age>  and  which  is  very  remarkable  in  males  about  the  time  of  puberty, 
when  the  cheeks  begin  to  be  covered  with  a  tender  down.  The  cause 
of  this  phenomenon  lies  too  deep  to  admit  of  being  explained  in  few 
words ;  as  also  particularly,  that  the  puerile  and  virgin  voice  remains 
unchanged  throughout  life  in  those  who  have  been  castrated  or  spaded. 
Thus  much  is  evident  from  the  construction  of  the  larjmx,  that  at  the 
time  when  the  voice  changes,  the  boundary  of  the  aperture  of  the  glottis 
must  be  naturally  enlarged,  and  the  manly  gravity  of  tone  thus  pro- 
duced. But  the  cause  of  its  dilatation,  must  be  sought  in  a  change  in 
the  state  of  the  nerve  that  supplies  the  larynx  and  trachea ;  also  in  the 
flux  of  the  excrementitious  humor,  that  being  determined  towards  the 
chin  and  cheeks,  exudes  in  the  form  of  down,  and  assumes  the  appear- 
ance of  a  hairy  growth.  If  we  weigh  all  the  circumstances,  we  shall 
find  no  likeher  cause  of  the  phenomenon,  than  a  change  of  state  in  the 
restiform  process  of  the  cerebellum,  which  also  supplies  the  generative 
organs,  and  an  enlargement  of  that  process  about  this  vernal  age.  That 
this  nerve  produces  these  effects,  and  at  this  period  directs  the  afflux 
of  the  pituitary  and  oily  lymph  of  the  sheath  of  the  spinal  marrow 
towards  the  region  of  the  chin,  I  shall  endeavor  to  prove  in  the  proper 
place. 

{h)  The  arytaenoid  glands,  (which  are  excellently  figured  by  Mor- 
gagni.  Advert.  Anat.  i.,  tab.  ii.,  fig.  1,  2,  6,)  are  described  by  Winslow 
as  follows ;  '^  On  the  anterior  surface  of  the  arytaenoid  cartilages  there 
is  a  small  depression  between  the  basis  and  the  upper  convex  part : 
this  depression  is  filled  by  a  glandular  body,  which  not  only  covers  the 
anterior  surface  of  each  arytaenoid,  but  is  likewise  extended  forward 
from  the  basis,  over  the  posterior  extremity  of  the  neighboring  liga- 
mentary  cord.  These  glands  ...  are  covered  by  the  membrane  that 
lines  the  adjacent  parts.  They  were  discovered  by  Morgagni"  (n.  355). 
Verheyen  adds  to  these  a  new  gland,  situated,  as  he  relates,  in  the 
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scattered  here  and  there,  at  various  intervals  (k) ;  not  to  men- 
tion the  general  glands,  which,  when  commanded  and  solicited, 

very  commissure  of  the  arytaenoid  cartilages  :  "  I  fomid  another  gland," 
says  he,  "  in  the  posterior  part,  lying  upon  the  upper  border  of  the 
annular  cartilage,  within  the  two  arytsenoid  cartilages,  which  in  this 
spot  were  somewhat  separated  from  each  other."  (Corp.  Hum,  Anat., 
tract,  iii.,  cap.  xi.) 

(i)  The  epiglottis  also  is  covered  with  great  numbers  of  glands,  so 
that  if  we  except  its  cartilaginous  and  membranous  portions,  the  rest  is 
almost  entirely  glandular ;  and  for  these  glands,  and  the  humor  which 
they  discharge,  lacunae,  httle  sinuses  and  canals  are  hollowed  out  in 
the  part,  as  is  particularly  well  represented  by  Morgagni,  Op.  cii., 
tab.  ii.,  fig.  5.  "The  epiglottis,"  says  Winslow,  "is  not  only  per- 
forated by  the  regular  holes  already  mentioned,  but  has  likewise  a  great 
number  of  small  irregular  fissures  and  breaks  of  various  kinds,  which 
are  so  many  different  lacunae,  situated  between  its  two  membranes,  and 
filled  with  little  glands,  the  excretory  orifices  of  which  open  principally 
upon  the  posterior  surface  of  this  cartilage"  (n.  355).  And  Yerheyen 
says,  "  On  the  gibbous  portion  or  dorsum  of  the  epiglottis,  under  the 
ligament,  hes  a  very  considerable  gland,  made  up  of  a  great  number  of 
other  distinct  glands;  inferiorly  it  is  thick  and  dense,  and  becomes 
gradually  tbinner  towards  the  extremity  of  the  epiglottis,  so  that  at 
length  the  little  glands  are  no  longer  united  to  each  other.  From  this 
gland,  or  rather  from  these  g^ds,  several  ducts  pass  through  the  car- 
tilage itself  to  its  internal  or  concave  surface,  the  orifices  of  which 
ducts  appear  in  this  situation  as  so  many  large  pin-holes,  yet  which  are 
so  firmly  contracted,  that  very  few  of  them  will  admit  even  the  finest 
bristle.  But  where  these  ducts  pass  through  the  epiglottis,  in  some 
places  there  are  as  it  were  little  channeb  or  sinuses  hollowed  out  in  it, 
and  glands  placed  in  them,  so  that  on  the  concave  sur£ace,  by  taking 
off  the  membranous  integuments  of  the  epiglottis,  you  will  draw  out 
not  only  excretory  ducts,  but  a  glandular  substance  along  with  them." 
(Carp.  Hum.  Anat.,  tract,  iii.,  cap.  xi.) 

(k)  That  a  great  number  of  other  glands,  thinly  scattered,  how- 
ever, he  concealed  under  the  membrane  of  the  laryngeal  tube,  seems 
dedudble  from  the  circumstance,  that  new  g^ds  are  being  discovered 
every  day,  exactly  in  proportion  to  the  skill  of  dissectors ;  and  because 
under  the  larynx,  in  the  trachea,  glands  of  both  kinds,  aggregated  and 
solitary,  are  discovered  throughout.  And  moreover  it  is  a  part  of  nature's 
law,  that  not  the  smallest  space  shall  be  left  without  being  occupied  by 
some  organ  which  contributes  a  share  to  the  common  good  and  advan- 
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seem  also  possibly  to  bend  their  streams  of  humors  thither  (/). 
But  in  order  that  the  glands  of  the  arytaenoid  cartilages  and 
epiglottis,  which  glands  are  peculiar  and  proper  to  the  larynx, 
may  pour  forth  the  precise  quantity  of  lymph  that  is  actually 
wanted  and  desired, — ^the  quantity  exactly  proportioned  to  the 
exercise  undergone  in  singing  and  speech, — ^they  are  placed  in 
close  connexion  with  those  cartilaginous  joints,  moving  fibres, 
and  bands,  which  are  perpetually  vibrating,  and  Uving  in  action 

tage.  Verheyen  says,  "  When  the  membrane  that  covers  the  interior 
surface  of  the  larynx  is  removed,  we  fincl  here  and  there,  between  the 
arytaenoid  glands  and  the  epiglottis,  certain  little  glands,  which  doubt- 
less serve  to  secrete  some  similar  humor"  (Op,  cit,)  ;  and  [according 
to  the  same  author]  small  glands  are  also  discovered  at  the  bottom  of 
the  ventricles. 

(/)  Namely,  the  tonsils  or  amygdalae,  and  the  thyroid  gland.  The 
former  are  placed  on  both  hands  at  the  sides  of  the  epiglottis,  embraced 
by  the  columns  of  the  velum  palati,  and  in  some  measure  connected 
also  to  the  epiglottis.  "  There  are,"  says  "Winslow,  "  two  small  lateral 
membranous  ligaments  belonging  to  it  [the  epiglottis],  fixed  near  the 
little  glandular  bodies  termed  amygdalee"  (n.  355).  They  are  seated 
consequently  in  the  isthmus  between  the  larynx  and  the  pharynx ;  so 
that  according  to  the  determination  of  the  action  of  the  palate,  they  can 
spirt  out  their  mucilage  either  to  one  or  the  other  of  these  parts  ;  con- 
sequently supply  them  both  according  to  the  requirement  of  use.  But 
if  we  examine  causes,  it  appears  very  likely,  that  when  the  tonsils  are 
compressed  they  throw  out  their  mucus  into  the  pharynx ;  for  they  are 
furnished  with  a  number  of  little  cavities,  and  pierced  with  many  mi- 
nute holes.  In  like  manner  the  thyroid  gland,  which  must  also  be 
classed  among  the  general  glands,  and  of  which  we  treated  in  Part  I., 
in  the  Chapter  on  the  Pharynx.  Many  persons  question  whether  this 
gland  transmits  its  liquid  into  the  pharynx  or  not ;  but  since  it  is  ex- 
tensively connected  to  the  thyroid  cartilage,  and  since  it  has  been  ob- 
served by  some  anatomists  to  communicate  with  the  oesophagus  by 
means  of  filaments,  therefore  it  may  possibly  be  serviceable  to  both. 
Nothing  is  of  more  frequent  occurrence, — ^nothing  is  better  established, 
than  for  one  and  the  same  corpuscule  to  serve  many  uses,  exactly  ac- 
cording to  the  nature  of  the  want  or  requirement :  a  single  Httle  artery 
may  distribute  its  blood  to  a  thousand  parts,  and  is  bound  to  accommo- 
date itself  entirely  to  the  use  of  each.  Herein  consists  nature's  per- 
fection, that   she  can  influence  and  inspire  every  particular  with  a 
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and  modulation  {m).  And  in  order  that  they  may  distribute 
their  streams  equitably,  according  as  they  are  required,  to  every 
point  of  the  circumference  of  the  tube,  they  are  placed  in  the 
top  or  head  thereof,  and  in  the  cone  of  the  aegis  of  the  epi- 
glottis (»),  and  the  lymph  flows  out  by  invitation,  through  con- 
spicuous pores,  into  the  cavity  of  the  tube  (o).     Again,  in  order 

common  nature  and  spirit,  that  is,  make  one  thing  serve  to  satisfy  the 
necessities  of  many.  But  respectiiig  the  way  in  which  the  thyroid 
gland  ministers  to  the  larynx,  see  below,  n.  379  (y). 

(m)  As  the  arytaenoid  glands,  which  not  only  lie  upon  the  arytae- 
noid  cartilages  at  the  sides  of  the  fissure  of  the  glottis,  but  are  also 
connected  to  the  arytsenoid  ligaments,  and  to  the  thyro-arytsenoid  mus- 
cles ;  by  which  means,  in  every  little  vibration  of  those  cartilages,  and 
in  every  reciprocal  expansion  of  the  muscular  fibre,  these  glands  are 
struck  by  an  external  force,  and  roused  to  operate  and  discharge  their 
fluid :  likewise  also  by  an  internal  force,  for  when  the  moving  fibres  are 
excited,  their  vessels  and  nerves  are  excited  at  the  same  time.  The 
same  holds  good  of  the  glands  of  the  epiglottb ;  every  time  this  carti- 
lage is  inflected  to  and  fro,  the  membrane  investing  all  the  glands 
instigates  them  to  pour  out  their  humor,  and  to  call  forth  a  new  supply 
thereof  from  the  arteries :  for  the  glands  he  for  the  most  part  under 
the  dorsal  ligament,  (according  to  the  description  given  above  in 
note  (t),  which  ligament  is  being  constantly  moved  and  agitated  by  the 
tongue.  Thus  they  pour  forth  their  saUva  in  exact  conformity  to  the 
locutory  and  modulatory  motion ;  that  is  to  say,  in  conformity  to  the 
action  of  the  larynx. 

(n)  The  whole  of  the  humor  discharged  from  the  glands  of  the 
arytsenoid  cartilages  and  epiglottis,  flows  down  over  the  entire  circum- 
ference of  the  laryngeal  tube ;  for  the  arytsenoid  glands  occupy  the 
posterior  part  of  the  rima  glottidis  ;  and  the  epiglottic  glands  derive  all 
their  oozings,  through  Httle  channels,  which  form  so  many  ready-made 
passages,  to  the  anterior  border  of  the  glottis ;  from  which  afterwards 
the  humor  flows  downwards  over  the  entire  circiunference  of  the  tube ; 
and  by  the  vibration  of  the  cartilages  within,  and  by  the  correspondent 
vibration  of  the  membranes  without,  is  scattered  round  about  in  all 
directions.  The  little  canals  channelled  in  the  cartilaginous  body  of  the 
epiglottis,  are  represented  by  Morgagni  (Advers.  Anat,  i.,  tab.  ii., 
fig.  5)  ;  other  canals,  nearly  similar,  only  wider,  are  represented  by 
the  same  author  in  the  arytsenoid  cartilages.  (Und.,  fig.  6.) 

(o)  The  holes  which  perforate  the  membrane  covering  the  posterior 
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that  this  secretion  by  its  over  limpidity  may  not  injure  and  lay 
bare  the  organ,  its  watery  and  volatile  portion  is  carried  off  and 
eliminated  in  the  form  of  vapor,  by  the  air  of  the  lungs  during 
the  alternate  expirations  (/?) ;  and  in  order  that  it  may  not  be 
prqudicial  by  its  over  density,  and  blunt  the  organ,  the  dense 
portion  is  thrown  off  with  coughing  and  expectoration,  as  a  use- 
surface  of  the  epiglottis,  are  figured  by  Morgagni  and  Verheyen.  "  It 
[the  epiglottis]  is  pierced,"  says  "Winslow,  "by  a  great  number  of 
openings,  which  are  hidden  by  the  membrane  that  covers  its  two  sur- 
faces" (n.  355).  The  same  is  the  case  with  the  membrane  that  covers 
the  larynx  itself.  "The  membrane  which  invests  the  larynx,"  says 
Heister,  "is  very  sensitive,  and  perforated  with  a  great  number  of 
oscula  or  openings,  which  discharge  a  lubricating  fluid"  (n.  353). 
Thus  the  glands  simply  pour  on  their  hquid,  but  the  membrane  itself 
dispenses  it  afterwards,  and  this,  in  proportion  to  the  wants  and  uses  of 
every  fibre.  For  any  fibre  that  is  carried  away  too  strongly  into  tremu- 
lous motion,  and  thence  dried  up  too  soon,  has  this  liquid  drawn  to  it, 
by  a  kind  of  attractive  force,  from  the  common  reservoir ;  for  in  this 
state  the  fibre  begins  gradually  to  be  blunted,  torpid  and  quiescent,  and 
thus  to  give  forth  more  obtuse  tremblings  than  the  other  fibres ;  where- 
fore a  liquid  and  unguent  is  summoned  thither  from  other  parts,  near 
and  remote,  that  enjoy  the  greatest  power  of  motion ;  and  thus  the 
humor  is  constantly  equalized  to  all  points  of  the  membrane.  This  is 
the  species  of  physical  attraction  to  which  I  gave  the  name  Invitation 
in  Part  I.  of  this  work.  Such  seems  to  be  the  reason  of  the  openings, 
and  also  of  the  dischaige  of  humor  from  the  glands  inside  the  mem- 
branes; namely,  that  supplies  may  be  brought  thereby,  not  only  to 
the  external  membrane,  but  also  to  the  internal  membrane  or  peri- 
chondrium. 

(p)  The  air  of  expiration  always  appears  humid  and  vapory,  for  it 
draws  off  the  most  limpid  portion  of  the  humor  from  the  lungs,  the 
trachea,  the  larynx,  the  palate  and  the  nares,  so  as  to  leave  the  mucus 
behmd.  See  above,  n.  344.  By  this  means  precaution  is  taken,  lest 
the  glandular  humor  discharged  through  the  orifices  should  be  instantly 
dissipated,  and  provision  is  made,  that  the  membrane  of  both  the  larynx 
and  trachea  may  be  continually  covered  with  a  certain  mucilage ;  and 
thus  the  membrane  is  protected  from  being  twitched  or  injured  by  the 
air,  or  by  the  occasionally  fool  halitus  of  the  lungs,  filled  with  ugly  and 
misshapen  particles ;  of  which  halitus  we  shall  speak  in  the  sequel,  in 
our  Chi^ters  on  the  Trachea  and  the  Lungs. 

VOL.  II.  PAKT  II.  CHAP.  II.  O 
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less  phlegm^  also  by  the  same  air :  thus  a  humor  ever  firesh  and 
ever  exquisitely  suitable,  weUing  from  its  Parnassian  spring, 
constantly  waters  and  renovates  this  little  machine, — as  it  were 
the  vocal  and  eloquent  instrument  of  the  nine  Muses.  The 
necessity  that  exists  for  a  due  tempering  of  this  mild  salivary 
excretion,  is  indicated  by  the  alteration  which  takes  place  in 
voice  and  singing  under  various  circumstances ;  that  is  to  say, 
by  the  membrane  becoming  rough  and  stridulous  in  consequence 
of  being  too  dry;  or  shrill  and  clanging  in  consequence  of  being 
too  hot  or  inflamed;  or  plashy  and  crepitous,  from  being  too 
much  moistened;  or  altogether  silent,  as  in  catarrh,  in  conse- 
quence of  being  inundated. 

367.  Besides  these  vital  advantages  and  utilities,  the  larynx 
also  affords  remarkable  and  peculiar  aid  to  its  companion,  the 
pharynx,  in  the  office  of  eating;  during  which  operation,  it 
exchanges  its  own  business  for  that  of  the  pharynx,  and  this, 
indeed,  with  such  amazing  ingenuity,  that  by  the  very  act  where- 
with it  ministers  to  this  work  of  the  pharynx,  it  completely 
closes  the  glottis^  and  precludes  the  entrance  thereinto  of  even 
the  smallest  crumb  or  drop,  or  of  the  air  itself,  as  well  as  the 
exit  of  the  latter.  Thus  the  larynx  completely  abstains  from 
its  office  when  that  of  the  pharynx  is  to  be  performed,  disclaim- 
ing its  own,  and  only  claiming  it  for  the  pharynx.  For  the  larynx. 
Firstly f  inclines  and  inverts  the  little  tongue  of  the  epiglottis, 
and  lays  it  down  upon  the  glottis  in  such  a  manner  as  to  form  a 
bridge,  whereby  it  imites  the  tongue  to  the  pharynx,  and  affords 
a  passage  and  uninterrupted  path  for  the  food  (q).    At  the  same 


(q)  Every  tyro  in  anatomy  is  aware,  that  the  epiglottis  is  bent  com- 
pletely back  at  the  time  of  deglutition,  so  that  the  food  can  pass  over 
it  as  a  smooth  bridge  into  the  phar3mx ;  also  that  at  such  time  the 
respirations  are  held  in.  The  causes  and  uses  of  this  are  also  equally 
well  known, — ^namely,  that  at  the  moment  of  deglutition,  no  part  of 
the  solids  or  fluids  taken  by  the  mouth,  may  rush  into  this  neighboring 
and  associate  passage ;  which  would  give  rise  to  sobbing,  to  sharp  fits 
of  coughing,  of  suffocation,  or  the  like.  But  that  such  innumerable 
powers  and  forces  concur  to  this  single  effect ;  and  that  the  pharynx 
also  is  ministered  to  by  the  same  act  and  art, — these  I  think  have  not 
hitherto  been  so  well  known  as  the  former  circumstances. 
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time  it  closes  the  door^  and  prerents  itself  from  taking  any  por- 
tion of  the  provisions  of  the  pharynx ;  and  even  vacates  its 
office^  lest  it  should  draw  in  the  sUghtest  breath.  This  is 
brought  about  by  the  help  of  the  ligaments,  the  base  of  the 
tongue  being  rolled  back  into  the  hollow,  and  the  os-hyoides 
laid  down  flat  (r) :  also  by  the  trusion  exercised  by  the  food,  to 
which  the  cartilage  contributes  in  some  slight  degree  by  means 
of  its  muscle,  the  hyo-epiglottideus.  Secondly,  the  larynx  se- 
cures the  glottis  itself;  for  the  membrane  of  the  palate  inclines 
inwards  to  its  orifice,  and  passes  deep  under  the  tongue ;  thus  it 
gives  the  pharynx  the  power  of  swallowing,  and  deprives  itself 
of  the  power  of  respiring.  The  orifice  of  the  glottis  is  secured, 
and  stuffed  by  the  membrane  of  the  palate,  anteriorly,  by  means 
of  the  depression  of  the  epiglottis  (s) ;  posteriorly,  by  the  palate, 
the  velum  palati,  and  the  muscles  of  the  velum ;  also  by  the 
pharynx  itself,  its  expansion  into  a  swallow,  and  the  folding  of 
the  isthmus  brought  about  by  this  expansion  {i).    The  whole 


(r)  See  above,  n.  362  (a).  The  epiglottis  is  so  placed  and  articu- 
lated upon  the  fissure  and  hollow  of  the  thyroid  cartilage,  that  it  is 
capable  of  turning  and  accommodating  itself  to  the  smallest  rolling  of 
the  base  of  the  tongue :  for  there  is  an  almost  globular  appendage,  im- 
planted in  a  certain  little  cavity  at  the  top  of  the  crest  of  the  thyroid 
helmet,  in  the  middle  of  the  projecting  part ;  hy  means  of  which,  the 
epiglottis  may  be  inflected  backwards  and  forwards  without  the  least 
change  of  place  in  the  thyroid  cartilage,  and  this  may  even  occur  in 
some  d^ree  by  means  of  the  hyo-epiglottideus  muscle.  Respecting 
this  globular  appendage,  see  Verheyen,  Corp.  Hum.  Jnat,  tract,  iii., 
cap.  xi. ;  [also  tab.  xxii.,  fig.  4.] 

(s)  We  before  pointed  out  that  the  epiglottis  is  surrounded  hy  a 
production  of  the  memhrane  of  the  palate,  and  constitutes  the  anterior 
border  of  the  glottis :  consequently  when  the  epiglottis  is  inflected,  this 
membrane  yields  inwards,  and  is  slackened  about  the  glottis,  and  there- 
fore is  also  relaxed  all  round  the  same  fissure ;  for  the  membrane  is 
continued  from  the  epiglottb  round  the  whole  area  of  the  orifice  and 
round  the  cavity  of  the  larynx.     See  above,  n.  361  («). 

{t)  That  there  is  a  certain  little  interstice  which  I  term  the  isthmus 
between  the  pharynx  and  the  larynx,  and  that  the  membrane  of  the 
palate,  and  the  pituitary  membrane  of  the  nares,  are  continued  into 
both  the  pharynx  and  the  larynx,  and  thus  cover  and  construct  this 
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of  the  larynx  with  the  rima  glottidis  is  drawn  up  close  under 
the  root  of  the  tongue^  namely^  by  the  tongue  itself^  the  liga- 
ments, and  the  hyo-thyroid  muscles  {u),  and  is  returned  to  its 
place  by  the  stemo-thyroid  muscle  {x).  Thirdly  and  lastly^  the 
larynx  draws  together  the  arytsenoid  cartilages,  locking  and 
shutting  the  glottis  into  a  mere  fissure,  and  unlocking  the 
sphincter  of  the  pharynx ;  thus  it  altogether  gives  up  its  own 
life ;  these  results  are  brought  about  by  means  of  the  thyro- 
pharyngeal  and  crico-pharyngeal  muscles  (y),  aided  and  assisted 

isthmical  interstice, — this  is  plain  from  the  situation  and  connexion  of 
all  the  parts.  Therefore  when  the  food  is  rolled  into  the  pharynx,  and 
the  phaiynx,  by  these  means,  is  expanded  for  swallowing  it,  the  neces- 
sary consequence  is,  that  this  membranous  interstice  is  rolled  in  upon 
the  larynx,  the  palate  itself,  with  the  velum  and  its  muscles,  and  also 
the  tongue,  concurring,  according  to  the  observations  of  Boerhaave, 
Inst.  Med.,  n.  70,  71. 

(m)  Respecting  the  hyo-thyroid  muscle  see  above,  n.  364  (m). 

{x)  The  stemo-hyoid  muscle  is  the  close  companion  of  the  stemo- 
thyroid  all  the  way  from  the  sternum  or  clavicle  along  the  trachea  and 
the  thyroid  cartilage,  whence  it  passes  to  the  os-hyoides  ;  and  the  stemo- 
thyroid  is  covered  during  its  course  by  the  stemo-hyoid,  which  shews 
that  the  two  are  intended  and  made  for  the  performance  of  common 
offices.  This  is  also  very  evident  from  the  operation  of  eating  or  swal- 
lowing ;  for  when  the  os-hyoides  is  carried  backwards,  and  the  tongue 
also  rolled  back  and  raised  up,  then  the  stemo-hyoid  muscle  is  brought 
into  action. 

(y)  Among  the  muscles  of  the  pharynx  is  its  single  constrictor, 
termed  oesophagseus  or  sphincter  gulae.  "Valsalva,"  says  Hebter, 
'<  observing  the  numerous  origins  of  this  muscle,  divided  it  into  three 
pairs :  and  Douglas,  Cant,  and  Santorinus,  into  still  more,  which  from 
their  origin  and  termination,  they  name  hyo-pharyngeeus,  thyro-pharyn- 
geeus,  crico-pharyngaeus,  &c."  (n.  74).  "The  thyro-pharyngsei," 
says  Winslow,  "  are  very  broad,  and  each  muscle  is  inserted  along  the 
outside  of  the  ala  of  the  thyroid  cartilage.  .  .  .  They  have  appeared  to 
me  to  be  distinguished  into  two  muscles,  a  superior  and  an  inferior. . . . 
The  crico-pharyngsei  are  inserted  each  in  the  lower  part  of  the  side  of 
the  cricoid  cartilage.  They  are  nothing  more  than  a  continuation  of 
the  thyro-pharyngaei ....  but  as  they  run  backward  they  descend  a 
little.  .  .  .  The  lowest  of  these  muscular  fibres  make  a  complete  circle, 
from  one  side  of  the  base  of  the  cricoid  cartilage  to  the  other  side ;  this 
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by  the  proper  constrictora  of  the  larynx.  Such  is  the  successive 
series  of  efficient  causes ;  and  firom  this  successive  series  there 
constantly  arises  a  simultaneous  series  and  cooperation  of  all 
things,  which  is  termed  the  eflfect  {z). 

circle  is  the  beginning  of  the  oesophagus.''  (Eapp.  Anat.y  Tr.  de  la 
Teste,  n.  482,  483,  484.)  If  we  contemplate  and  examine  the  larynx 
in  connexion  with  its  cartilages,  mnsdes  and  ligaments,  directing  our 
attention  to  all  the  parts  at  once,  we  shall  clearly  perceive  that  the 
pharynx,  in  the  process  of  deglutition,  when  its  sphincter  is  unlocked 
and  expanded,  in  order  to  open  a  passage  for  the  food  to  descend,  en- 
deavors to  move  off  the  larynx  in  a  general  manner,  but  that  when  the 
muscles  are  aiming  at  a  contrary  effect,  the  pharynx  draws  close  to  it 
the  two  primary  cartilages  of  the  larynx,  and  thus  the  larynx  itself  at 
the  same  time.  The  effect  of  this  adduction  and  unition  of  the  two 
cartilages,  is,  that  the  arytaenoid  cartilages,  which  we  term  the  little 
lips  of  the  mouth  of  the  glottis,  are  pushed  in  towards  the  fissure ; 
for  whea  the  thyroid  and  cricoid  cartilages  are  drawn  back,  they  push 
inwards  the  arytaenoid  cartilages  superiorly  ;  so  that  very  little  space  is 
left  between  the  border  constituted  by  the  arytsenoids,  and  the  anterior 
border  formed  by  the  epiglottis ;  especially  when  the  membrane  of  the 
anterior  border  is  relaxed  by  the  introfiexion  of  the  epiglottis.  If  we 
lay  our  finger  on  the  thyroid  cartilage  during  deglutition,  we  feel  that 
the  whole  larynx  is  raised  at  the  instant,  and  drawn  up  close  under  the 
tongue,  so  as  to  escape  from  beneath  the  finger.  Thus  the  thyroid 
cartilage  is  at  this  time  forcibly  pushed  and  drawn  towards  the  os- 
hyoides ;  so  consequently  are  also  the  arytaenoid  cartilages,  by  means 
of  the  thyro-arytaenoid  ligaments  and  muscles  :  whence  the  rima  glot- 
tidis  is  closed. 

{z)  "We  have  dear  eridence  of  the  immense  numbers  of  causes  that 
enter  a  single  effect,  and  vary  it  according  to  the  state  of  operations, 
not  only  from  the  cooperation  of  the  larynx  and  pharynx,  and  of  the 
palate  and  tongue,  and  their  muscles,  but  in  fact  from  all  the  actions 
of  the  body.  A  single  action,  be  it  ever  so  little  compounded,  is  made 
up  of  an  infinite  number  of  forces,  all  of  which  at  first  generally  suc- 
ceed each  other  in  a  continuous  series,  but  ultimately  unite  into  a  kind 
of  simultaneous  series.  For  everything  simultaneous  arises  firom  things 
successive :  hence  effects  arise  according  to  the  succession  of  causes ; 
and  quality  is  predicated  of  these  effects,  according  to  the  various  influx 
of  the  causes ;  this  quality  being,  therefore,  of  infinite  variety.  This  is 
exemplified  in  the  larynx,  in  one  way  when  it  only  concurs  with  the  pha- 
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rjnx  in  eating  and  swallowing ;  differently  again  when  it  exercises  its 
own  powers  of  modifying  sounds  and  articulating  words  ;  also  when  it 
ministers  to  the  lungs  in  respiration ;  differently  again  when  it  yawns, 
sneezes,  sighs,  coughs,  spits  or  expectorates,  sohs,  hisses,  cries,  bel- 
lows, sings  to  instruments,  &c. 
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THE  TRACHEA. 


368.  Heister.  ''The  aspera  arteria,  trachea  or  windpipe^  is  a 
cartilagmous  canal  extended  firom  the  fauces  to  the  lungs.  It  is  situated 
in  the  middle  and  anterior  part  of  the  neck ;  connected  with  the  fauces^ 
the  lungs^  and  the  oesophagus;  and  divided  into  two  parts,  I.  the 
larynx ;  and  2.  the  aspera  arteria,  or  trachea,  strictly  and  properly  so 
called.  .  .  .  The  trachea  is  the  remainder  of  the  cartilaginous  canal 
before  described.  [See  Animal  Kinffdom,  n.  353.]  It  is  slightly  conical 
in  figure,  and  extended  from  the  larynx  to  the  bronchia.  The  begin- 
ning of  the  trachea  is  round,  and  so  large  that  it  readily  admits  the 
finger ;  the  end  is  a  little  narrower.  It  enters  the  thorax  under  the 
sternum,  and  there,  before  it  joins  the  lungs,  divides  into  two  branches, 
a  right  and  left,  termed  the  bronchia ;  which  afterwards  subdivide  into 
the  finest  twigs,  are  distributed  through  the  lungs  in  all  directions, 
and  ultimately  terminate  in  the  pulmonary  vesicles.  It  consists  of  from 
sixteen  to  twenty  cartilaginous  rings,  and  of  four  coats.  The  annuli 
or  lings  are  imperfect :  for  the  whole  trachea  on  its  posterior  part,  and 
the  beginning  of  the  bronchia,  are  membranous ;  partly,  that  they  may 
not  impede  deglutition ;  partly,  that  these  canals  may  be  capable  of 
being  contracted  and  dilated,  to  assist  in  the  variation  of  the  voice, 
and  in  the  expulsion  of  excretions.  Of  the  four  coats,  the  exterior  is 
membranous;  the  second,  glandular;  the  third,  muscular,  the  fibres 
of  which  are  transverse,  and  unite  together  the  two  extremities  of  each 
ring,  and  serve  to  contract  them ;  the  fourth  or  internal  coat  is  ten- 
diQOus  and  robust,  and  by  its  longitudinal  fibres  may  shorten  the  tra- 
chea and  bronchia :  it  has  in  it  a  great  number  of  oscula  or  openings 
coming  from  the  glands  of  the  second  coat.  The  arteries  of  the  tra- 
chea are  from  the  external  carotids  ;  the  veins  from  the  jugulars ;  its 
nerves  are  frx>m  the  recurrent  nerves  and  cervical  plexus.  .  .  .  Certain 
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remarkable  glands  lie  upon  the  ontside  of  the  trachea,  and  appear  to 
serve  for  moistening  it ;  these  are  the  thyroid  and  the  bronchial  glands. 
The  thyroid  is  large,  in  shape  very  much  resembling  a  new  moon  :  it 
is  connected  by  its  middle  part  to  the  superior  rings  of  the  trachea,  but 
by  its  comua  which  run  directly  upwards  on  both  sides,  to  the  larynx, 
and  the  oesophagus.  The  bronchial  glands  are  of  various  sizes,  large 
and  small.  They  are  of  a  blackish  color,  and  are  connected  to  the 
lower  part  of  the  trachea,  to  the  divisions  of  the  bronchia,  and  to  the 
oesophagus  :  their  use  is  doubtful.  (Camp.  AnaL,  n.  259.)  During  the 
year  1723,  in  one  male  subject  I  found  many  black  glands  of  this  kind, 
adhering  to  the  whole  posterior  sur&ce  of  the  trachea,  near  the  oeso- 
phagus, of  a  size  between  a  grain  of  wheat  and  a  kidney  bean,  and 
some  adhering  loosely  to  the  anterior  part  of  the  trachea  also."  pind,, 
n.  388.)  Respecting  the  thyroid  and  bronchial  g^ds,  see  Part  I.  of 
this  work,  n.  73. 

369.  WiNSLOW.  ''The  bronchia  are  branches  of  a  large  canal, 
partly  cartilaginous  and  partly  membranous,  called  trachea,  or  aspera 
arteria.  It  is  situated  anteriorly  in  the  lower  part  of  the  neck,  from 
whence  it  runs  dovm  into  the  thorax,  between  the  two  pleurae,  through 
the  upper  space  left  between  the  duphcature  of  the  mediastinum, 
behind  the  thymus  gland.  Having  reached  the  curvature  or  arch  of 
the  aorta,  it  divides  into  two  lateral  parts  termed  bronchia,  one  to  the 
right,  the  other  to  the  left,  which  enter  their  respective  lungs.  The 
bronchial  tube  of  the  right  side  is  shorter  than  that  of  the  left.  The 
trachea  is  made  up  of  a  number  of  segments  of  circles,  or  cartilaginous 
hoops,  placed  one  upon  another,  and  disposed  in  such  a  manner  as  to 
form  a  canal  open  on  the  back  part :  but  the  defect  in  the  cartilaginous 
portion  is  compensated  by  a  soft  glandular  membrane,  which  completes 
the  circumference  of  the  canal.  Each  circle  is  about  the  twelfth  of  an 
inch  in  breadth,  and  about  a  quarter  of  that  space  in  thickness.  TLeir 
extremities  are  round,  and  they  are  situated  horizontally  one  above 
another,  small  interstices  being  left  between  them,  and  the  lower  edge 
of  each  segment  being  in  relation  with  the  upper  edge  of  the  s^nent 
next  below  it.  They  are  all  connected  by  a  very  strong  elastic  mem- 
branous ligament  fixed  to  their  edges.  I  have  observed  the  first  three 
circles  united  into  one  piece,  bent  alternately  in  two  different  places  in 
the  direction  of  its  breadth  [largeur].  The  canal  of  the  trachea  is 
hned  on  the  inside  by  a  particular  membrane,  which  appears  to  be 
partly  fieshy  or  muscular,  and  partly  ligamentary,  perforated  by  a  great 
number  of  small  holes  more  or  less  imperceptible,  through  which  a  mu- 
cilaginous fiuid  continually  passes,  to  defend  the  inner  surface  of  che 
trachea  against  the  acrimony  of  the  air  which  we  breathe.     This  fiuid 
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comes  from  small  glandular  bodies  dispersed  through  the  substance  of 
the  membrane,  but  especially  from  glands  somewhat  larger  than  the 
former,  which  lie  on  the  external  or  posterior  surface  of  that  strong 
membrane  which  completes  the  canal,  and  suppUes  the  defect  in  the 
cartilaginous  circles.  Almost  the  same  structure  is  observable  in  the 
ramifications  of  the  trachea  [the  bronchia]  to  their  extremities.  (Exp. 
Jnat.,  Tr.  de  la  Paitrine,  n.  127—133.)  Coats:— The  trachea  has 
several  coats :  the  outermost  or  common  covering  surrounds  that  part  of 
the  trachea  which  hes  in  the  thorax,  but  out  of  the  thorax  this  first 
coat  is  derived  firom  the  aponeurotic  expansions  of  the  muscles  of  the 
neck ;  and  it  is  between  this  and  the  following  coat  that  the  glands 
already  mentioned  are  situated.  The  second  or  proper  coat  is  cellular, 
and  is  a  continuation  of  the  cellular  covering  of  the  lungs ;  and  the 
pellicles  thereof  nearest  the  cartilaginous  segments  serve  them  for  an 
external  perichondrium.  The  third  membrane  lies  on  the  inside,  ad- 
hering closely  to  the  same  cartilages,  and  serving  them  as  an  internal 
perichondrium.  The  fourth  membrane  is  that  which  supplies  the 
defect  in  the  cartilaginous  canal  of  the  trachea.  It  consists  chiefiy  of 
two  planes,  partly  muscular  and  partly  tendinous,  the  external  or  pos- 
terior of  which  is  made  up  of  longitudinal  fibres  ;  and  the  internal  or 
anterior,  of  transverse  fibres.  This  membrane  is  perforated  by  the 
little  ducts  of  the  above-mentioned  glandular  granules ;  which  discharge 
a  fluid  when  pressed,  and  being  examined  by  the  microscope  appear 
vesicular  or  follicular,  much  like  those  of  the  stomach.  The  ligaments 
between  the  cartilaginous  circles  are  very  strong  and  elastic,  and  each 
of  them  is  confined  to  two  cartilages  vrithout  communicating  with  any 
of  the  rest ;  they  are  fixed  to  the  edges  of  the  cartilages,  much  in  the 
same  manner  as  the  intercostal  muscles  are  inserted  in  the  ribs.  (Ibid., 
n.  144 — 147.)  At  the  angle  of  the  first  ramification  of  the  trachea  we 
find  on  both  the  anterior  and  posterior  parts  certain  soft  roundish  glan- 
dular bodies,  of  a  bluish  or  blackish  color,  and  of  a  structure  very  like 
that  of  the  thymus  and  thyroid  glands.  There  are  other  glands  of  the 
same  kind  at  the  origin  of  each  ramification  of  the  bronchia,  but  they 
decrease  proportionably  in  number  and  size.  These  glands  are  con- 
nected immediately  to  the  bronchia,  and  covered  by  tiie  interlobular 
substance  ;  and  they  seem  to  communicate  by  small  openings  with  the 
cavity  of  the  bronchia.  (Ibid.,  n.  143.)  Arteries  : — The  carotid  arteries 
are  two  in  number  ;  one  called  the  right  carotid,  the  other,  the  left : 
they  arise  near  each  other  ^m  the  curvature  or  arch  of  the  aorta ;  the 
left  immediately,  the  right  most  commonly  from  the  trunk  of  the  right 
subclavian.  They  run  up  each  side  of  the  trachea,  between  it  and  the 
internal  jugular  vein,  as  high  as  the  larynx,  without  having  any  ramifi- 
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cations.  .  .  .  They  then  divide  into  two  large  branches  or  particular 
carotids^  one  named  external^  the  other  internal.  The  external  carotid 
is  anterior^  the  internal  posterior :  the  external  is  both  more  inward 
and  nearer  to  the  larynx  than  the  internal.  The  external  is  the  larger 
of  the  two ;  it  rons  insensibly  outward,  between  the  external  angle  of 
the  lower  jaw  and  the  parotid  gland.  In  this  course  it  gives  off  several 
branches,  which  may  be  divided  into  anterior  or  internal,  and  posterior 
or  external.  The  first  anterior  or  internal  branch  is  given  off  from  the 
very  origin  of  this  carotid  on  the  inside,  and  immediatdy  taking  a  little 
turn,  and  sending  bramshes  to  the  neighboring  jugular  glands,  to  the  fat 
and  skin,  it  runs  transversely,  and  is  distributed  to  the  thyroid  gland, 
and  to  the  muscles  and  other  parts  of  the  larynx :  for  which  reason  I 
name  it,  laryngeal  or  superior  guttural  artery.  It  likewise  sends  some 
branches  to  the  pharynx  and  to  the  muscles  of  the  os-hyoides.  (Ibid,y 
IV.  d€9  Arterea,  n.  46 — 52.)  Veins : — ^The  external  anterior  jugular 
vein  is  often  a  branch  of  the  internal  jugular  vein,  and  sometimes  arises 
from  the  reciprocal  communications  of  the  two  jugulars.  .  .  .  Posteriorly 
it  gives  off  a  large  bramsh  on  the  side  of  the  upper  part  of  the  larynx, 
which  communicates  with  the  internal  jugular.  .  .  .  Anteriorly  it  sends 
several  branches  to  the  muscles  of  the  larynx,  stemo-hyoidei,  thyro- 
hyoidei,  and  the  integuments ;  and  below  the  larynx  it  sends  communi- 
cating branches  to  the  external  anterior  jugular  vein  of  the  other  side. 
(Ibid.y  Tr,  des  Feines,  n.  72 — 75.)  The  internal  jugular  vein  is  the 
largest  vein  of  all  those  that  go  to  the  head.  The  first  branches  which 
it  gives  off  are  small,  and  go  to  the  thyroid  glands :  at  about  two 
finger-breadths  higher  up  it  gives  off  a  middling-sized  branch,  which 
runs  laterally  towards  the  larynx,  and  may  be  named  the  guttural  vein. 
This  vein  divides  chiefly  into  three  branches ;  the  lowest  of  which  goes 
to  the  thyroid  gland  and  neighboring  muscles ;  the  middle  branch,  to 
the  larynx,  thyroid  muscles,  &c. ;  the  third  ascends  to  the  great  com- 
munication already  mentioned  between  the  two  jugular  veins.  (Ibid,, 
n.  102 — 105.)  Nerves : — ^The  third  branch  [of  the  eighth  pair]  passes 
between  the  comu  of  the  os-hyoides  and  the  ala  of  the  thyroid  cartilage, 
and  running  in  between  that  cartilage  and  the  cricoid,  it  communicates 
with  the  extremities  of  the  recurrent  nerve.  Afterwards  the  large  trunk 
runs  down  in  front  of  the  first  ganglion  of  the  great  sympathetic  or  in- 
tercostal nerve,  along  the  anterior  vertebral  muscles  of  the  neck,  by 
the  side  of  the  carotid  artery,  and  behind  the  internal  jugular  vein ; 
bdng  accompanied  closely  by  the  intercostal  nerve,  as  far  as  the  last 
vertebra  of  the  neck.  Through  all  this  course  this  trunk  is  invested  by 
a  kind  of  cellular,  filamentary,  or  membranous  sheath,  common  to  it 
with  the  internal  carotid  artery,  the  internal  jugular  vein,  and  the  great 
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sympathetic  nenre.  In  its  passage  it  gives  small  branches  to  the  neigh- 
boring parts, — to  the  pharynx,  oesophagus,  and  to  the  carotid  artery 
and  jngular  vein.  One  of  these  small  branches  in  its  course  downwards, 
joins  a  small  branch  of  the  second  cervical  pair,  and  is  distributed  to 
the  thyroid  gland.  The  trunk  having  reached  as  low  as  the  larynx  and 
thyroid  ^and,  sends  out  a  branch,  which  running  down  in  front  of  the 
internal  carotid  artery,  joins  a  filament  from  the  second  ganghon  of  the 
intercostal  nerve,  with  which  it  passes  to  the  pulmonary  plexus.  .  .  . 
As  the  right  trunk  passes  before  the  subclavian  artery,  it  gives  off  a 
considerable  branch,  which  bends  backward  under  the  artery,  and 
mounts  up  the  side  of  the  trachea,  to  which  and  to  the  oesophagus  it 
gives  filaments  all  the  way  to  the  posterior  part  of  the  larynx :  this 
branch  is  the  recurrent  nerve.  This  recurrent  nerve  having  reached  the 
larynx  gives  branches  to  its  muscles,  to  the  pharynx  and  thyroid  ^and. 
Then  it  runs  in  behind  the  comua  of  the  thyroid  cardlage ;  where  it 
joins  the  extremity  of  the  third  branch  of  the  trunk  of  this  eighth  pair, 
communicating  with  it  in  the  manner  already  described.  When  the 
trunk  of  the  right  side  has  given  off  the  recurrent  of  the  same  side,  it 
runs  down  the  side  of  the  trachea  and  behind  the  root  of  the  right 
lung,  in  order  to  connect  itself  to  the  oesophagus."  &c.  (Ibid.,  TV.  dea 
Nerfy  n.  117—124.) 

370.  MoROAGNi.  "  The  semiannular  cartilages  exist  not  only  in 
the  part  of  the  trachea  within  the  thorax,  but  also  in  the  two  branches 
of  the  bronchia  into  which  the  trachea  first  divides.  ...  In  dbsections 
of  the  trachea  it  is  not  uncommon  to  find  some  of  its  cartilages  grown 
together  at  the  extremities,  and  some  much  broader  than  odiers.  These 
varieties  are  more  firequent,  if  there  be  any  difference,  in  the  first  carti- 
lage ;  which  not  seldom  is  broader  in  itself,  not  seldom  is  exceedingly 
broad,  in  consequence  of  being  united  to  one,  or  even  to  two  of  the 
other  cartilages.  Besides,  it  is  unlike  the  others  in  length,  and  parti- 
cularly in  shape;  in  fiict,  I  have  often  found  it  the  shortest  [in  diameter] 
of  all  the  cartilages.  ...  All  along  the  back  of  the  trachea,  and  of  the 
first  branches  of  the  bronchia,  where  the  cartilages  are  deficient,  when 
the  exterior  coat  is  taken  off,  a  great  number  of  glands  come  immediately 
into  view.  These  glands  are  roundish,  oval,  and  compressed,  and  of  vari- 
ous sizes,  but  for  the  most  part  larger  than  millet  seeds.  They  transmit 
their  Httle  ducts  through  the  muscular  [cameas]  fibres  lying  under  them, 
to  the  inside  of  the  trachea.  ...  On  the  internal  coat  we  find  certain 
strong  fibres  [lacerti]  composed  of  white  glistening  fibrillse.  These 
commence  some  finger-breadths  above  the  division  of  the  trachea,  and 
are  disposed  upon  it  lengthwise,  being  situated  in  the  before-mentioned 
interstice ;  and  when  they  reach  the  second  division  of  the  bronchia, 
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they  then  for  the  first  time  overspread  the  whole  surface  thereof  all  the 
way  to  their  extremities."  (Advert,  Anat.  i.,  n.  24,  25  ;  and  tab.  i.  ii.) 
371.  BoERHAAVE.  ''The  trachea,— consistiDg  of  semidrcular  car- 
tilaginous segments,  completed  behind,  where  the  cartilage  is  deficient, 
by  a  dense  membrane,  and  connected  together  by  strong  muscular 
bands, — allows  a  £ree  ingress  and  egress  to  the  air,  the  pipe  being  al- 
ways open,  along  the  smooth  and  slippery  sides  of  the  membrane ;  so 
that  this  part  may  be  expanded  circularly,  and  yield  to  the  oesophagus 
during  deglutition ;  may  follow  the  posture  or  bend  of  the  neck ;  and 
may  readily  be  either  elongated  or  shortened.  The  whole  of  the  mem- 
brane that  makes  up  the  back  of  the  trachea,  where  the  rings  are  de- 
ficient, is  beset  with  glands  that  prepare  an  unctuous  humor,  and 
discharge  it  by  ducts  perforating  the  fibrous  coat,  into  the  cavity  of  the 
trachea:  this  humor  anoints  and  lubricates  the  pipe. — ^The  trachea, 
bifurcating  about  the  fourth  dorsal  vertebra,  is  still  composed  of  carti- 
lages that  are  imperfect  rings  behind,  and  of  the  glandular  membrane 
before  mentioned,  and  soon  afterwards  divides  into  innumerable  branches 
on  each  side ;  the  branches  having  nearly  the  same  structure  as  the  tra- 
chea itself,  only  that  their  annular  segments  are  more  complete,  and  the 
oily  lacunse  are  there  placed  on  the  inside  among  the  strong  fibres. 
These  branches  lie  at  acute  angles  to  each  other,  and  become  gradually 
smaller  and  thinner,  till  at  their  extremities  they  lay  aside  their  cartila- 
ginous nature,  and  become  membranous ;  and  the  force  of  the  air  ex- 
tending their  pliable  parietes,  converts  them  into  small  flexible  sacs, 
growing  upon  all  the  extreme  points  of  every  branch ;  which  sacs  form 
vesicles,"  &c.  (Inst.  Med.,  n.  195,  196.) 
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872.  As  the  trachea  is  a  windpipe  intermediate  between  the 
larynx  and  the  lungs^  so  when  rationally  examined  by  anatomy^ 
it  instructs  us  farther  upon  those  points  which  we  have  still  to 
learn  respecting  the  larynx ;  and  it  also  furnishes  us  with  the 
rudiments  or  necessary  preliminaries  of  those  points  which  are 
to  be  unfolded  in  the  sequel  respecting  the  lungs.  Consequently 
the  trachea  serves  us  as  a  supplement  and  epilogue  to  the  har- 
monic science  of  the  sounds  of  the  larynx^  and  as  an  introduc- 
tion and  prologue  to  the  pneumonic  science  of  the  respiration  of 
the  lungs.  For  whatever  is  really  pulmonic  is  a  property  of  the 
great  trachea,  just  as  whatever  is  arterial  is  a  property  of  the 
great  artery.  The  lungs,  considered  as  to  their  office,  are  only 
the  continuous  ramification  of  the  trachea,  in  the  same  manner 
as  the  arteries  are  the  continuous  ramification  of  the  aorta. 
Thus  we  contemplate  all  the  parts  in  the  lungs,  (that  is  to  say, 
the  lungs  themselves  in  their  parts,)  in  the  trachea,  as  the 
smallest  effigy  in  the  largest  {a), 

(a)  There  is  no  other  difference  between  the  trachea  and  the  lungs, 
than  such  as  there  is  between  the  general  and  the  parts,  or  between 
continuous  and  discriminated  quantities.  The  principal  pulmonic  sub- 
stance,— that  substance  by  virtue  of  which  the  predicate,  pneumonic, 
belongs  to  the  lungs, — consists  exclusively  of  the  ramifications  of  the 
trachea ;  for  the  trachea  divides  into  bronchia,  these  into  bronchiola, 
or  lesser  bronchia,  that  is,  constantly  into  branches,  and  so  to  the 
ultimate  ends,  which  are  the  vesicles.  Consequently  fit)m  the  trachea 
we  may  leam  the  nature  of  its  branches,  in  the  same  manner  as  from 
the  aorta  we  may  leam  the  nature  of  the  little  arteries,  down  to  the 
most  minute  capillaries.     Indeed,  according  to  anatomical  experience. 
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873.  The  proper  uses  of  the  trachea  are  the  common  uses  of 
the  lungs  and  of  the  larynx.  The  trachea  is  of  use,  I.  To  afford 
a  channel  for  the  atmosphere,  and  for  the  breath  of  the  lungs, 
to  pass  and  repass ;  and  to  accommodate  itself  to  all  the  nume- 
rous and  diversified  modes  of  action  of  the  lungs,  both  in  in- 
spiration and  in  expiration.  To  examine  and  correct  the  air 
that  is  about  to  pass  into  the  lungs,  and  prevent  anything 
hurtful  from  entering ;  and  to  impregnate  with  vapors  the  air 
that  is  passing  out:  thus  to  entangle  effete  exhalations,  and 
prevent  the  contiguous  parts  from  being  injured  thereby.  Like- 
wise in  general  to  clear  the  lungs  from  viscid  phlegm  by  expec- 
toration. II.  To  serve  as  a  pillar  and  support  to  the  larynx ; 
and  to  adapt  itself  exactly  to  the  beck  and  nod  of  the  latter, 
and  to  its  tremulous  vibrations.  To  dispose  the  parietes  of  its 
canal,  so  that  the  air  may  impinge  upon  them ;  and  to  stretch  or 
tighten  its  membrane,  so  that  when  the  air  impinges  the  mem- 

whithersoever  the  assistance  of  the  microscope  enables  us  to  penetrate, 
we  find  a  not  dissimilar  image  in  the  very  branches  of  the  bronchia,  to 
that  which  exists  in  the  trachea ;  so  that  the  matter  of  size,  and  the 
accidents  of  size,  are  all  that  play  before  our  senses,  presenting  the 
appearance  of  variety ;  that  is  to  say,  in  the  lesser  parts,  there  is 
respectively  a  simplicity,  fineness  and  delicacy  in  all  those  things  that 
in  the  larger  parts  are  compounded,  complicated  and  hardened;  for 
instance,  instead  of  simple  and  perfectly  thin  and  elastic  membranes, 
we  have  membranes  composed  of  various  layers,  membranes  muscular, 
glandular  and  tendinous,  or  even  furnished  and  strengthened  with  carti- 
laginous rings.  With  the  exception  of  these  degrees  of  simplicity  in 
structure,  and  consequently  in  operations,  there  is  very  Httle  difference 
indeed  between  the  trachea  and  the  bronchia,  and  the  little  branches  of 
the  latter.  '' Almost  the  same  structure,"  says  Winalow,  "is  observ- 
able in  the  ramifications  of  the  trachea  [the  bronchia]  to  their  extremi- 
ties. ...  At  the  angle  of  the  first  ramification  of  the  trachea  we  find 
.  .  .  certain  glandular  bodies.  .  .  .  There  are  other  glands  of  the  same 
kind  at  the  origin  of  each  ramification  of  the  bronchia,  but  they  de- 
crease proportionably  in  number  and  size"  (n.  369).  **  The  trachea," 
says  Boerhaave,  "  bifurcating  about  the  fourth  dorsal  vertebra  .  .  . 
soon  afterwards  divides  into  innumerable  branches  on  each  side ;  the 
branches  having  nearly  the  same  structure  as  the  trachea  itself,"  &c. 
(n.  371). 
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brane  may  tremble ;  and  thus  to  excite  the  rudimentary  sound, 
for  the  larynx  afterwards  to  form  into  singing  or  speech,  that  is, 
to  modify :  also  to  moisten  the  larynx  continually  with  a  yapory 
dew.  III.  To  aid  and  assist  its  neighbor,  the  oesophagus,  in 
the  office  of  deglutition.  Also  to  divide  and  share  the  salivary 
humor  proceeding  from  its  springs,  in  just  proportion  between 
itself  and  the  cesophagus,  according  to  the  necessities  of  each. 
lY.  To  pomr  the  alternate  respiratory  motions  of  the  lungs  into 
the  neighboring  parts,  and  thereby  into  the  remote  and  ultimate 
parts;  namely,  into  the  oesophagus,  and  thereby  into  the  sto- 
mach, and  so  into  the  viscera  of  the  abdomen :  also  into  the 
great  sympathetic  nerves, — ^the  intercostal  and  the  par  vagum : 
and  into  the  ascending  carotid  artery  and  the  descending  jugu- 
lar vein ;  and  thereby  into  the  universal  system :  thus  to  reno- 
vate the  motive  life  of  the  body.  V.  To  insinuate  into  the 
neighboring  parts,  and  thereby  into  all  other  parts,  high  and  low, 
its  own  sonorous  tremblings,  as  well  as  those  of  the  larynx : 
thus  to  excite  the  arterial  blood  mounting  to  the  head  and 
brain,  and  the  venous  blood  returning  from  the  head  and  brain, 
together  with  the  ear,  the  companion  in  office  of  the  trachea, 
and  to  exhilarate  and  animate  them  by  a  general  modification : 
thus  to  renovate  the  sensual  life  of  the  body.  VI.  To  repre- 
sent in  itself,  as  in  an  image,  how  every  member  of  this  body 
or  kingdom  lives  for  all  the  other  members,  and  not  for  itself 
alone.    We  shall  now  consider  each  of  these  uses  separately. 

374.  I.  The  trachea  affords  a  channel  for  the  atmosphere, 
and  for  the  breath  of  the  brngs,  to  pass  and  repass,  and  accommo- 
dates itself  to  all  the  numerous  and  diversified  modes  of  action  of 
the  lungs,  both  in  inspiration  and  in  expiration.  The  great  diver- 
sity of  these  modes  of  action  will  be  clearly  evident  to  our  first 
sense  {b),  if  we  only  enumerate  the  varieties  of  the  common 
states  of  the  respiratory  motion ;  for  respiration  may  be  either 
ordinary  or  extraordinary,  or  asthmatic  and  morbid,  or  diflferent 
according  to  the  different  disposition  as  well  as  action  of  the 
ribs,  the  vertebrse,  the  sternum,  the  neck,  the  head,  the  brain, 
the  medulla  oblongata  and  spinalis,  the  nerves  and  the  muscles : 

(b)  Namdy,  to  the  first  internal  sense,  which  comes  next  to  ocular 
vision,  and  to  which  imagination  is  referable. 
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respiration  is  one  thing  in  women  who  wear  tight  stays,  another 
thing  in  pregnant  women;  diflferent  again  in  infants,  boys, 
adults,  and  old  persons,  respectively :  respiration  may  be  either 
pectoral,  attended  with  rising  of  the  chest;  or  dorsal,  with 
adduction  and  extension  of  the  vertebral  column ;  or  subtho- 
racic  and  abdominal :  it  is  different  again  in  other  states,  for 
instance,  while  we  are  sleeping  and  snoring,  from  what  it  is 
while  we  are  awake,  standing  upon  the  feet,  bending  forwards, 
backwards,  or  sideways,  or  lying  upon  the  back,  or  upon  the 
breast :  it  varies  also  respectively  while  we  are  laboring,  shout- 
ing, speaking,  singing,  eating,  crying,  laughing,  coughing, 
sighing,  yawning,  sneezing,  running,  panting,  riding,  fighting 
with  the  whole  chest,  arms,  or  feet,  sitting,  ascending,  de- 
scending, expelling  the  fseces,  passing  the  urine;  also  during 
parturition,  copulation,  stretching  the  first  thing  in  the  morn- 
ing :  it  changes  with  all  the  diseases  of  the  body,  with  all  the 
emotions  of  the  animal  mind,  as  in  joy,  anxiety,  anger,  fury, 
fear,  intrepidity,  attention,  eagerness,  &;c.  To  all  these  modes 
and  their  particulars,  this  single  breathing-pipe  is  accommo- 
dated, by  means  of  diversiform  flexures,  elongations,  shortenings, 
expansions  and  contractions, — oblique,  curved  and  straight, — 
without  causing  any  interruption  of  the  functions  of  the  larynx, 
the  pharynx,  the  (Esophagus,  the  lungs,  or  the  adjoining  parts. 
Indeed  there  is  no  other  simply  tubular  organ  in  the  body,  so 
far  as  we  know,  that  sustains  so  constantly  so  great  a  number 
and  variety  of  inordinate  and  inconstant  motions  {c).    For  this 

(c)  In  no  other  part  do  so  many  extraordinaiy  motions  meet  toge- 
ther as  in  the  trachea ;  that  is  to  say,  there  are  the  respiratory  motions 
of  the  lungs,  the  infinite  variety  of  which  is  very  evident  from  the 
enmneration  given  above  of  the  general  varieties  of  respiration :  also  all 
the  motions,  modes,  and  articulations  of  the  sounds  of  singing,  and  of 
the  words  of  speech,  to  the  whole  of  which  the  trachea  has  to  adapt 
itself.  Not  a  syllable  issues  from  the  mouth,  but  the  trachea  must 
concur  to  it  with  a  general  assent,  by  some  inflexion,  expansion,  or 
contraction  of  its  own.  The  trachea  has  likewise  to  adapt  itself  to 
every  motion  of  the  oesophagus,  the  pharynx,  the  palate,  and  the 
tongue :  again,  to  every  bend  of  the  head,  the  neck,  and  the  cervical 
vertebrae  :  in  a  word,  to  all  the  actions  of  the  muscles,  not  only  of  this 
region,  but  of  the  thorax,  and  sometimes  also  of  the  abdomen. 
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reason  its  common  coat  or  robe  is  an  aponeurotic  expansion  of 
numerous  muscles^  and  as  it  were  a  circular  foot-stay  and  com- 
mon tendon  of  their  extremities  [d) :  not  continuous  however 
with  the  common  coat  of  the  lungs^  but  a  member  by  itself^ 
and  therefore  the  ready  subject  of  infinite  motions  besides  the 
puknonary  and  laryngeal  motions.  For  the  same  reason  its  car- 
tilaginous rings  do  not  encompass  it  completely^  being  only 
segments  of  circles,  or  imperfect  girdles;  but  a  strong  and 
elastic  membrane,  furnished  with  fibres  at  once  active  and 
yielding,  that  is,  compliant  to  every  impression,  completes  the 
circuit  posteriorly ;  whereby  the  tube  is  rendered  capable  both  of 
extension  and  dilatation,  and  of  varying  the  dimensions  of  its 
cone  in  all  sorts  of  different  ways  {e).    This  semiannular  struc- 

(d)  That  the  trachea  is  bom  and  made  for  the  varieties  of  all  these 
numerous  and  remarkable  motions,  is  perfectly  evident  from  its  whole 
structure ;  in  particular,  firom  its  common  coat,  which  is  a  kind  of  ter- 
mination of  certain  muscles,  more  especially  of  the  stemo-hyoidei  and 
thyro-hyoidei ;  so  that  every  action  which  results  from  the  muscles  of 
the  chest  to  the  clavicle  and  sternum,  and  by  these  means  to  the  mus- 
cles before  mentioned,  ultimately  centres  in  the  trachea.  Respecting 
this  coat,  Winslow  says,  "  The  outermost  or  common  covering  surrounds 
that  part  of  the  trachea  which  lies  in  the  thorax,  but  out  of  the  thorax 
this  first  coat  is  derived  firom  the  aponeurotic  expansions  of  the  muscles 
of  the  neck"  (n.  369). 

{e)  It  is  well  known  that  the  cartilages  of  the  trachea,  (which  are 
firom  sixteen  to  twenty  in  number,  and  united  to  each  other  by  tendi- 
nous membranes,)  do  not  form  complete  circles,  but  terminate  afler  a 
pardal  gyre,  and  that  the  defect  behind  is  supplied  by  means  of  a  strong 
muscular  and  fibrous  membrane.  "The  trachea,"  says  Winslow,  "is 
made  up  of  a  number  of  segments  of  circles,  or  cartilaginous  hoops, 
placed  one  upon  another,  and  disposed  in  such  a  manner  as  to  form  a 
canal  open  on  the  back  part :  but  the  defect  in  the  cartilaginous  por- 
tion is  compensated  by  a  soft  glandular  membrane,  which  completes  the 
circumference  of  the  canal.  Each  circle  is  about  the  twelfth  of  an 
inch  in  breadth,  and  about  a  quarter  of  that  space  in  thickness.  Their 
extremities  are  round,  and  they  are  situated  horizontally  one  above 
another,  small  interstices  being  left  between  them,  and  .the  lower  edge 
of  each  s^ment  being  in  relation  with  the  upper  edge  of  the  segment 
next  below  it"  (n.  369).  From  the  above  mechanism,  without  any 
deep  investigation  or  intuition  into  the  hidden  powers  of  mechanical 
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tiire  bears  a  certain  resemblance  and  analogy  to  the  costal  struc- 
ture in  the  chest  and  abdomen ;  namely^  in  this  respect^  that  it 
makes  the  anterior  part  capable  of  being  elevated,  while  the 
posterior  part  remains  at  rest,  and  that  in  this  case  the  space 
is  at  the  same  time  enlarged  by  the  elevation  (/) ;  by  which 

science^  it  may  be  seen  immediately  that  the  tracheal  tube  admits  of 
being  expanded  and  contracted, — of  being  enlarged  and  diminished  in 
capacity, — ^in  a  variety  of  ways ;  which  could  not  possibly  have  been 
the  case,  had  the  circles  been  perfect,  and  described  an  entire  circum- 
ference :  but  as  it  is,  the  extremities  of  the  segments  terminating  in 
the  above  membrane,  may  be  variously  separated  or  drawn  together, 
thus  causing  corresponding  varieties  in  the  spaces  comprised  between 
them.  Any  cartilage,  so  far  as  it  is  elastic,  may  be  bent  firom  a  curve 
into  a  straight  line,  or  from  a  straight  line  into  a  curve,  but  not  so  if  it 
completes  a  circle ;  as  neither  can  elastic  threads,  whether  they  consist 
of  tendon,  wood,  steel,  or  any  other  material,  provided  they  are  joined 
at  the  extremities,  so  as  to  form  an  entire  circle.  Cartilages  of  this 
kind,  arched,  but  not  absolutely  bent  together,  admit  of  being  drawn 
out  variously,  upwards  and  downwards,  even  with  respect  to  their  ex- 
tremities, and  in  this  way  are  capable  of  assuming  different  species  of 
forms ;  as  happens  when  the  membrane  supplying  the  defect  in  the 
rings, — ^the  posterior  membrane, — i»  in  a  state  of  rest,  and  the  rings 
are  moring  up  and  down  the  meanwhile.  Thus  this  membrane  seems 
to  be  the  regulator  of  the  calibre  of  the  tube,  and  the  cartilaginous 
portion  to  be  the  regulator  of  its  height.  "  The  fourth  membrane," 
says  Winslow,  **  is  that  which  supplies  the  defect  in  the  cartilaginous 
canal  of  the  trachea.  It  consists  chiefly  of  two  planes,  partly  muscular 
and  partly  tendinous,  the  external  or  posterior  of  which  is  made  up  of 
longitudinal  fibres ;  and  the  internal  or  anterior,  of  transverse  fibres*' 
(n.  369). 

(/)  If  we  grant  that  the  posterior  or  membranous  portion  of  the 
tracheal  tube  is  at  rest,  and  is  not  carried  upwards  and  downwards  to 
the  same  degree  as  the  anterior  or  cartilaginous  portion,  then  it  will 
follow,  that  the  calibre  of  the  tube  is  rendered  smaller  by  the  depression 
of  the  anterior  portion,  that  is,  of  the  rings  ;  for  when  the  circles  are 
depressed  anteriorly,  the  interposing  substance  is  narrowed ;  of  which 
circumstance  we  may  have  ocular  demonstration,  by  connecting  a  number 
of  similar  circles  into  a  tube,  and  depressing  one  side  of  the  tube.  We 
also  know  that  there  is  the  same  mechanical  adaptation  in  the  ribs,  and 
in  the  capacity  of  the  chest  as  aflPected  by  the  ribs ;  for  when  their 
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arrangement^  the  extension  inyolves  the  cause  of  the  dilatation^ 
and  the  depression  involves  the  cause  of  the  constriction^ — ^pre- 
cisely as  in  the  thorax ;  so  that  on  account  of  this  analogy^  the 
cartilaginous  circles  may  perhaps  be  aptly  termed  the  cervical 
or  tracheal  ribs.  By  bearing  in  mind  the  foregoing  circimi- 
stances^  we  may  infer  what  the  action  is  superiorly,  or  under 
the  larynx^  where  these  Uttle  ribs  form  still  more  imperfect 
circles,  and  approach  nearer  to  each  other ;  what  it  is  in  the 
middle  of  the  tube ;  and  what  it  is  inferiorly,  in  the  neighbor- 
hood of  the  bronchia,  where  the  rings  are  more  complete  {g). 

375.  The  trachea  examines  and  corrects  the  air  thai  is  about 
to  pass  into  the  lungs ,  and  prevents  anything  hurtful  from  entering ; 
namely,  by  means  of  the  pituitary  humor  which  the  glands  pour 
forth,  and  with  which  the  parietes  of  both  the  trachea  and  the 
bronchia  are  besmeared  and  moistened,  catching  and  ensnaring 
any  particles  that  either  accompany  or  are  indigenous  to  the  air 

fblcrum  or  common  centre  of  motion, — the  vertebral  column, — is  at 
rest,  then  the  intervening  space  is  enlarged  or  diminished  by  the  depres- 
sion or  elevation  of  the  ribs. 

{g)  High  up,  near  the  larynx,  these  annular  segments  are  more 
imperfect,  because  shorter ;  but  lower  down,  about  the  bronchia,  they 
are  more  perfect,  more  entire,  and  almost  circular  in  form.  Respecting 
the  uppermost  cartilage,  Morgagni  says,  ''  The  semiannular  cartilages 
exist  not  only  in  the  part  of  the  trachea  within  the  thorax,  but  also  in 
the  two  branches  of  the  bronchia  into  which  the  trachea  first  divides. . . . 
In  dissections  of  the  trachea  it  is  not  uncommon  to  find  some  of  its 
cartilages  grown  together  at  the  extremities,  and  some  much  broader 
than  others.  These  varieties  are  more  frequent,  if  there  be  any  differ- 
ence, in  the  first  cartilage  ;  which  not  seldom  is  broader  in  itself,  not 
seldom  is  exceedingly  broad,  in  consequence  of  being  united  to  one,  or 
even  to  two  of  the  other  cartilages. ...  I  have  often  found  it  the  shortest 
[in  diameter]  of  all  the  cartilages"  (n.  370).  "The  branches  [or 
bronchia],"  says  Boerhaave,  "have  nearly  the  same  structure  as  the 
trachea  itself,  only  that  their  annular  segments  are  more  complete" 
(n.  371).  It  is  evident  from  these  statements,  that  the  bronchia  admit 
of  less  expansion  in  breadth  than  the  trachea,  but  of  greater  extension 
in  length.  But  the  contrary  is  the  case  in  the  upper  part  of  the  trachea, 
where  a  compound  and  stronger  action  occurs,  for  the  sake  of  sustaining 
the  larynx. 

u  2 
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which  we  breathe ;  that  is  to  say,  any  heavy,  inert,  unshapely^ 
pointed,  fetid,  or  putrid  particles,  that  would  injure  the  secret 
and  exquisitely  delicate  vesicles  of  the  lungs.  To  avert  and  put 
aside  the  mischievous  and  dangerous  consequences  which  might 
otherwise  be  occasioned,  a  great  number  of  common  or  general 
glands  are  collected  in  the  beginning  of  the  tube,  and  inserted 
therein  at  its  angles  or  bifurcations,  as  well  as  in  all  the  inter- 
vening spaces  (h) :  a  great  number  of  particular  and  solitary 
glands  are  also  scattered  over  both  its  surfaces,  interposed  be- 
tween the  membranes  subject  to  perpetual  agitation,  and  fur- 
nished with  excretory  ducts  determined  to  the  cavity,  and  with 


(A)  The  common  glands  are  the  thyroid  and  the  tracheal  glands, 
which  [latter]  being  placed  between  the  membranes  of  the  trachea, 
cannot  but  eructate  a  large  quantity  of  humor  every  time  the  stemo- 
tliyroid,  stemo-hyoid,  and  hyo-thyroid  muscles  act ;  for  the  trachea  is 
covered  by  the  fibres  of  those  muscles.  The  same  must  be  the  case 
with  the  bronchial  glands,  every  tune  the  same  musdes  operate,  and 
particularly  the  stemo-hyoid ;  for  these  muscles,  in  their  ascent,  adhere 
to  the  trachea,  and  give  it  its  tendinous  coat :  close  under  this  mem- 
brane lie  the  glands ;  as  likewise  in  all  the  bifurcations  of  the  bronchia. 
"  There  are  other  glands  of  the  same  kind,"  says  Winslow,  "  at  the 
origin  of  each  ramification  of  the  bronchia,  but  they  decrease  propor- 
tionably  in  number  and  size"  (n.  369).  Inasmuch  as  they  are  placed 
between  the  membranes,  and  in  a  kind  of  cellular  substance,  therefore 
a  secretion  must  necessarily  be  forced  from  them  during  each  alternation 
of  expansion  and  eonstriction,  and  carried  round  the  whole  circum- 
ference of  the  tube.  For  according  to  Winslow,  "  These  glands  are 
connected  immediately  to  the  bronchia,  and  covered  by  the  inter- 
lobular substance ;"  and  again,  '<  The  canal  of  the  trachea  is  Hned  on 
the  inside  by  a  particular  membrane,  .  .  .  perforated  by  a  great  number 
of  small  holes  more  or  less  imperceptible"  (Ibid.)  I  say  nothing  of 
the  little  mouths  of  the  ducts  running  from  the  glands  to  the  cavity. 
Thus  in  the  moistening  of  the  trachea,  as  in  all  nature's  other  opera- 
tions, there  is  a  general  and  there  is  a  particular ;  namely,  general  and 
particular  glandular  springs :  and  in  this  manner  every  point  of  the 
trachea,  like  every  point  of  the  larynx,  (as  mentioned  in  the  last 
chapter,)  is  supplied  according  to  its  degree  of  action,  and  according  to 
the  want  and  nature  of  the  membrane,  and  thereby  is  preserved  in  in- 
tegrity, and  in  the  state  proper  for  its  motions  and  functions. 
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Httle  foramina  also  opening  thither  (t) :  thus  the  sides  of  the 
tube  are  limed  throughout,  and  covered  with  an  ensnaring  humor, 
which  steab  away  firom  the  air  the  injurious  particles.  For  the 
same  reason  the  trachea,  the  bronchia  and  their  branches  de- 
crease constantly  in  diameter,  forming  an  uninterrupted  cone 
all  the  way  to  the  vesicles ;  new  tracheolse  or  bronchial  joints 
come  off  continually  at  oblique  angles  firom  the  joints  preceding 
them  (A),  and  ultimately  contract  in  the  closest  manner  into  the 
most  perfect  aerial  filters.  Thus  the  air,  (which,  pressing  with  a 
force  proportioned  to  the  height  of  its  c(dumn,  and  to  the  size 
of  the  area  of  the  orifice,  separates  and  opens  the  parietes  of 
the  pore,  and  expanding  the  narrow  orifices  and  little  passages, 
urges  and  intrudes  itself  thereinto,)  cannot  but  impinge  upon 
the  points  of  the  surfaces,  entangle  itself  in  their  oozy  moisture, 
and  deposit  and  bury  therein  a  miscellaneous  medley  or  farrago 
of  effluvia ;  whence,  after  passing  through  so  many  sieves  and 
strainers,  it  comes  at  length  clean  and  pure  to  the  vesicles  (/). 
But  on  the  contrary,  tJie  trachea  impregnates  with  vapors  the  air 
that  is  passing  out :  thus  it  entangles  effete  exhalations,  and  pre- 
vents the  contiguous  parts  from  being  injured  thereby  (m). 

376.  The  trachea  likewise  in  a  general  manner  clears  the  lungs 
from  viscid  phlegm  by  expectoration.    This  is  effected  by  deter- 

(t)  Hdster,  enumerating  the  coats  of  the  trachea,  terms  ''the 
second,  glandular*'  (n.  368).  That  its  glands  communicate  by  ex- 
cretory ducts  or  little  tubes  with  the  cavity  of  the  trachea,  is  thus 
declared  by  Winslow,  "This  [internal]  membrane,"  says  he,  "is  per- 
forated by  the  little  ducts  of  the  above-mentioned  glandular  granules  ; 
which  discharge  a  fluid  when  pressed,  and  being  examined  by  the 
microscope  appear  vesicular  or  follicular,  much  like  those  of  the 
stomach"  (n.  369).  That  the  membrane  of  the  posterior  part  is  beset 
with  great  numbers  of  glands,  will  be  seen  presently. 

{k)  "  These  branches  [of  the  bronchia],"  says  Boerhaave,  "  lie  at 
acute  angles  to  each  other,  and  become  gradually  smaller  and  thinner, 
till  at  their  extremities  they  lay  aside  their  cardla^ous  nature"  (n. 
371). 

(/)  This  subject  will  be  resumed  in  the  next  Chapter,  when  we  come 
to  speak  of  the  Lungs. 

(m)  Respecting  this  subject  also  see  the  Chapter  on  the  Lungs, 
n.  405. 
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mining  the  force  and  incidence  of  the  air  upon  any  point  what- 
ever of  the  surfaces  or  parietes,  either  of  the  branches^  or  of 
the  bronchia^  or  of  the  trachea,  or  of  the  palate,  or  of  the 
buccal  cavity ;  by  means  of  the  appUcation  of  the  external  or 
general  muscles  of  the  chest,  the  neck,  the  head,  the  tongue, 
and  other  parts ;  also  by  extending,  contracting,  dilating,  com- 
pressing, or  incurvating  the  tubes,  corrugating  them  by  means 
of  their  proper  muscles,  and  thus  brushing  off  and  clearing 
away  the  viscid  substance,  wherever  it  is  sticking  to  the  sur- 
faces :  hence  we  have  expulsion,  attended  with  crepitus  and  sound 
from  the  proper  source  of  sound  (n) ;  in  short,  what  is  commonly 
termed  coughing  and  expectoration,  which  are  operations  per- 
formed by  an  inverse  motion,  or  by  a  voluntary  action  contrary 
to  the  natural  action,— -operations  analogous  to  vomition  in  the 
stomach,  and  to  eructation  in  the  oesophagus  (o). 

(n)  From  the  action  of  coughing,  and  thereby  of  clearing  the  lungs, 
the  bronchia  and  the  trachea,  we  see  as  in  a  kind  of  dim  image,  how 
sound  is  raised  up ;  that  is  to  say,  how  the  outburst  and  as  it  were 
extorsion  thereof  is  determined  by  the  action  of  the  external  or  volun- 
tary muscles.  For  in  the  above-mentioned  operation  of  clearing  [these 
parts],  the  air  is  similarly  directed  towards  the  parietes,  and  at  will  to 
all  points  of  the  bronchia  or  trachea,  that  are  occupied  or  infested  by 
viscid  and  mucous  matter ;  and  not  only  is  the  air  directed  to  these 
places,  so  as  to  strike  ihem  forcibly,  but  the  membrane  of  each  par- 
ticular spot  is  corrugated,  and  the  noxious  substance  shaken  off  by  this 
twofold  means.  This  is  by  no  means  effected  by  the  simple  action  of 
respiration,  or  by  the  transit  granted  to  the  air,  as  during  expiration. 
Hence  we  may  see  the  difference  there  is  between  the  natural  or  respi- 
ratory pulmonic  action,  and  the  voluntary  pulmonic  action, — the  action 
of  modulating  or  speaking,  and  of  coughing ;  also  that  these  motions 
are  conjoined  or  mixed  during  the  waking  state. 

(o)  All  the  voluntary  motions  are  actions  different  from  natural 
action,  exceeding  and  extending  natural  limits,  and  twisting  or  straining 
them  in  various  ways.  These  Hmits  nature  restores,  particularly  during 
the  time  of  sleep.  The  same  remark  applies  to  all  inverse  or  insurgent 
actions,  as  those  which  occasionally  take  place  in  the  intestines,  the 
stomach,  and  the  oesophagus ;  and  which,  if  they  be  not  excited  by 
voluntary  causes  immediately,  nevertheless  are  excited  by  preternatural 
causes, — namely,    by  the  improper  indulgence  of  the  appetites,   the 
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377.  II.  The  trachea  serves  as  a  pillar  and  support  to  the 
larynx ;  and  adapts  itsey^  exactly  to  the  beck  and  nod  of  the  latter, 
and  to  its  tremuUms  vibrations ;  namely,  at  the  time  when  the 
laryngeal  tube  extends  itself,  and  heightens  the  sound,  and 
when  it  contracts,  and  lowers  the  sound ;  in  a  word,  in  regu- 
lating all  the  quantities  of  the  voice  {p) :  also  when  the  pharynx 
is  acting,  and  the  larjmx,  quitting  its  natural  situation,  is  raised 
or  depressed.  The  trachea  is  adapted  to  cooperate  and  assist 
und^  these  circumstances;  hence  the  iqppermost  of  its  little 
cartilaginous  ribs  are  stronger,  and  set  nearer  together,  than 
the  others,  and  are  attached  by  ligaments  to  the  cricmd  car- 
tilage ;  and  the  ring  next  to  the  cricoid  is  shorter  than  those 
which  succeed  it  {q) :  which  peculiarities  act  as  checks  to  pre- 
vent the  variation  of  the  sound  with  respect  to  quantity  from 
confusing  its  variation  with  respect  to  quality  (r).     In  order 

unbridled  excess  of  the  passions  and  emotions  of  the  animal  mind,  or 
by  other  similar  things,  which  proceed  withoiit  the  sanction  of  the 
higher  mind  and  nature.  Whatever  proceeds  in  consecutive  order  from 
prior  to  posterior — a  priori  ad  posteriora — flows  according  to  nature's 
stream ;  but  what  proceeds  from  posterior  to  prior — a  posteriori  ad 
priora — ^too  often  goes  contrary  to  nature,  and  does  violence  to  the 
order  of  the  higher  mind. 

{p)  Respecting  these  particulars  see  the  Chapter  on  the  Larynx, 
n.  364. 

{q)  ''In  dissections  of  the  trachea,"  says  Morgagni,  "it  is  not 
uncommon  to  find  some  of  its  cartilages  grown  tc^ther  at  the  extre- 
mities, and  some  much  broader  than  others.  These  varieties  are  more 
frequent,  if  there  be  any  difference,  in  the  first  cartilage ;  which  not 
seldom  is  broader  in  itself,  not  seldom  is  exceedingly  broad,  in  conse- 
quence of  being  united  to  one,  or  even  to  two  of  the  other  cartilages. 
Besides,  it  is  unlike  the  others  in  length,  and  particularly  in  shape  ;  in 
fact,  I  have  often  found  it  the  shortest  [in  diameter]  of  all  the  carti- 
lages" (n.  370).  And  Winslow  says,  "  I  have  observed  the  first  three 
circles  united  into  one  piece,  bent  alternately  in  two  different  places  in 
the  direction  of  its  breadth  Qargeur]"  (n.  369). 

(r)  Thus  the  effect  of  the  elevation  and  depression  of  the  laryngeal 
tube,  which  is  the  cause  of  the  heightening  and  lowering  of  the  sound, 
is  communicated  only  to  the  anterior  part  of  the  larynx,  that  is,  to  the 
thyroid  cartilage,  and  not  to  the  posterior  part  of  the  cricoid  cartilage, 
where  the  arytaenoid  cartilages  are  situated :  for  the  posterior  or  mem- 
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that  the  trachea  may  not  be  simply  under  the  dominion  of  the 
larynx^  and  passively  obey  its  behests^  but  also  may  assist  it  by 
reacting^  and  by  acting  on  its  own  accoimt^  it  is  famished  with 
particular  muscles  of  its  own^  as  well  as  with  general  mus- 
cles (a) ;  and  to  these  the  thyroid  and  pharyngeal  muscles  also 
lend  a  secondary  aid. 

378.  The  trachea  disposes  the  parietes  cf  its  canal,  so  that  the 
air  may  impinge  upon  them ;  and  stretches  or  tightens  its  mem- 
braney  so  that  when  the  air  impinges  the  membrane  may  tremble ; 
and  thus  excites  the  rudimerdary  soimd,  for  the  larynx  qfterwards 
to  form  into  singing  or  speech,  that  is,  to  modify.  This  it  does 
by  determining  the  air^  by  means  of  the  voluntary  muscles ; 
and  on  the  other  hand^  by  disposing  the  cartilaginous  and 
membranous  parietes  in  correspondent  opposition  to  the  air; 
and  stretching  them  in  accordance  to  the  degrees  or  quantities 
of  the  quality  of  the  sound  (/).  For  the  sake  of  this  end  or 
use,  the  trachea  is  surrounded  with  a  fine  membrane  («) ;  next 

branous  part  of  the  trachea  may  be  at  rest,  while  the  anterior  or  car- 
tilaginous part  is  elevated  or  depressed.  The  variation  produced  in  the 
sound  by  the  elevation  and  depression  of  the  posterior  part  of  the 
cricoid,  was  pointed  out  in  our  explanation  of  the  larynx,  and  shewn  to 
be  so  great,  that  the  rima  glottidis  is  entirely  closed  by  the  former  act, 
and  the  exercise  of  voice  or  sound  interrupted.  Respecting  the  opera- 
tion of  the  ciico-pharyngeeus  musde  upon  the  anterior  and  posterior 
parts  of  the  cricoid  cartilage,  see  the  Chapter  on  the  Larynx. 

(*)  "  The  third  [coat],"  says  Heister,  "  [is]  muscular,  the  fibres 
of  which  are  transverse,  and  unite  together  the  two  extremities  of  each 
ring,  and  serve  to  contract  them"  (n.  368).  "  The  fourth  membrane 
[or  coat],"  .  .  .  says  Winslow,  "  consists  chiefly  of  two  planes,  partly 
muscular  and  partly  tendinous"  (n.  369). 

(f)  This  coincides  with  what  we  said  above  respecting  the  clearing 
of  the  trachea  by  coughing  (n.  376). 

(u)  Respecting  this  membrane,  Verheyen  says,  "  The  internal  sur- 
face of  the  trachea  is  lined  by  a  certain  other  coat  or  membrane,  coex- 
tensive with  the  tube.  .  .  .  This  coat  is  commonly  thought  to  be  acutely 
sensitive ;  and  it  is  considered  to  be  in  consequence  of  this  that  the 
entrance  of  the  smallest  crumb  into  the  trachea  produces  violent  cough- 
ing. .  But  it  appears  to  me  that  this  coat  is  lined  on  the  inside  with 
another  very  fine  membrane,  to  which  the  sensibility  of  the  part  is 
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to  this,  with  a  comparatively  strong  tendinous  membrane ;  in 
front,  with  cartilaginous  rings;  behind,  with  two  or  three 
coats,  extensile,  pliable,  elastic  and  vibratory,  furnished  with 
fibres  both  perpendicular  and  transverse,  and  continued  to  the 
arytsenoid  cartilages  of  the  larynx,  and  to  the  annular  cartilages 
of  the  trachea,  where  these  coats  perform  the  office  of  both 
external  and  internal  perichondrium  (a?).  Thus  when  a  tremor  is 

mainly  owing.  .  .  .  This  membrane,  however,  to  the  best  of  my  know- 
ledge, is  not  described  by  any  author."  (Corp.  Hum.  Anat.,  tract,  iii., 
cap.  xi.) 

(x)  Four  membranes  are  commonly  enumerated  by  anatomists  as 
constituting  this  aerial  or  tracheal  canal.  The  two  inner  ones  serve 
principally  to  supply  the  defect  in  the  cartilaginous  tube  posteriorly : 
these  are  the  coats  that  receive  the  first  impulses  or  strokes  of  the  air, 
and  carry  with  them  the  other  contiguous  coats  into  accordant  trem- 
blings ;  which  tremblings  proceed,  according  to  true  natural  order,  from 
purer  to  grosser ;  that  is,  from  the  innermost,  subtile,  thin  membrane 
just  spoken  of  (u),  to  the  proximately  contiguous,  thicker  and  ten- 
dinous membrane ;  and  thence,  as  well  as  from  the  exterior  membrane 
united  to  the  latter,  to  the  annular  cartilages,  to  which  both  these  coats 
are  adherent,  and  serve  as  perichondrium.  And  in  order  that  the  deter- 
minations may  be  certain  and  constant,  both  towards  the  cartilages, 
and  from  them  into  the  two  coats  at  the  posterior  part,  and  firom  these 
back  again ;  also  towards  the  arytsenoid  cartilages  and  the  rima  glot- 
tidis, — the  fibres  of  one  coat  are  transverse,  those  of  the  other,  longi- 
tudinal ;  so  that  the  tremor  runs  out  directly  on  all  sides  following  the 
continuity  of  the  fibre.  This,  however,  is  no  proof  that  the  direction 
of  the  fibres  may  not  serve  for  vast  numbers  of  other  uses ;  namely, 
in  extending  and  stretching  the  tube ;  for  nature,  in  all  her  works, 
simultaneously  intends  multitudes  of  benefits  to  life ;  her  absolute  per- 
fection consists  in  this  design.  We  have  only  to  read  a  description  of 
the  membranes,  to  be  convinced  that  their  direction  agrees  with  what 
is  here  specified.  "  The  fourth  membrane,"  says  Winslow,  "  is  that 
which  supplies  the  defect  in  the  cartilaginous  canal  of  the  trachea. 
It  consists  chiefly  of  two  planes,  partly  muscular  and  partly  tendinous, 
the  external  or  posterior  of  which  is  made  up  of  longitudinal  fibres ; 
and  the  internal  or  anterior,  of  transverse  fibres.  .  .  .  The  third  mem- 
brane lies  on  the  inside,  adhering  closely  to  the  cartilages,  and  serving 
them  as  an  internal  perichondrium.  .  .  .  The  second  or  proper  coat  [or 
membrane]  is  cellulu*,  .  .  .  and  the  pellicles  thereof  nearest  the  cartUa- 
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imprinted  anywhere^  it  glances  swift  as  a  ray  of  light,  fly- 
ing in  the  manner  peculiar  to  its  nature,  from  circle  to  cir- 
cle ;  from  all  these,  along  the  transverse  fibres,  into  the  field 
of  the  posterior  membrane;  and  from  this  membrane,  along 
the  perpendicular  fibres,  to  the  organs  that  modify  the  sound, 
that  is,  to  the  arytsenoid  cartilages  and  to  the  glottis. 

879.  The  trachea  moistens  the  larynx  continually  with  a 
vapory  dew,  flowing,  during  every  act  of  inspiration,  from  the 
numerous  glandular  springs  of  the  lungs,  the  little  tubes,  the 
bronchia,  and  the  trachea,  and  accompanying  the  warm  air  that 
is  going  out,  in  the  form  of  vapor  or  halitus  (y).    This  vapor, 

ginous  s^ments  serve  them  for  an  external  perichondrium"  (n.  369). 
Morgagni  also  figures  certain  strong  fibres  continued  from  the  trachea 
to  the  bronchia.  "The  fourth  or  internal  coat,"  says  Heister,  "is 
tendinous  and  robust,  and  .  .  .  [has]  longitudinal  fibres"  (n.  368). 

(y)  Many  considerations  shew,  that  not  only  a  pituitary  but  also  a 
limpid  humor  exudes  from  the  glands  of  the  trachea  and  bronchia, — 
both  firom  the  common  glands,  and  from  the  particular  and  proper 
glands ;  consequently  it  is  according  to  nature,  that  as  the  air  passes  by 
in  a  very  heated  state,  it  should  carry  away  the  more  limpid  part  in 
vapor,^-especially  if  the  membrane  should  at  the  same  time  be  vibrating 
with  a  strong  tremor,  and  the  air,  determined  against  the  parietes,  be 
undergoing  a  repercussion  on  all  sides.  The  fact  is  still  more  plainly 
indicated  by  the  moistness  of  the  breath  constantly  expired  firom  the 
mouth  and  nostrils,  and  which  cannot  derive  the  whole  of  its  humidity 
from  the  palate  alone ;  but  if  it  does  derive  humidity  firom  the  palate, 
must  of  course  derive  it  also  fix>m  the  well-water^  and  constantly 
steaming  cavities  lying  underneath  the  palate.  In  this  manner  we  may 
account  for  the  mucosity  and  density  of  the  humor  left  in  the  trachea, 
and  which  requires  to  be  brought  up,  shaken  ofi^,  and  thrown  out,  by 
violent  efforts  of  coughing.  For  if  all  the  impure  matter  that  is  being 
constantly  poured  forth  by  the  ever-incited  glands,  were  to  remain  in 
the  [interlobular]  partitions  and  narrow  pipes  of  the  lungs,  in  no  long 
time  the  passages  would  be  blocked  up.  Many  means  of  evacuation 
have  therefore  been  provided,  namely,  particular  means,  constantly  in 
addon,  in  the  form  of  the  evaporation  mentioned  above ;  and  general 
means,  returning  as  occasion  requires,  in  the  form  of  cough  and  expec- 
toration. That  the  oesophagus  also  is  one  appointed  channel  for  the 
discharge  will  be  shewn  in  the  sequel.  Meanwhile,  in  this  way,  the 
th3rroid  gland  serves  for  moistening  not  only  the  trachea,  but  also  tbe 
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as  it  passes  onwards,  plentifully  irrigates  the  larynx,  and  softens 
it,  particularly  when  it  is  modidating  intently,  or  speaking  with 
earnestness :  thus  the  trachea  spends  its  exhalations  even  upon 
the  uses  of  the  larynx. 

380.  III.  The  trachea  aids  and  assists  its  neighbor,  the 
(esophagus,  in  the  office  of  deglutition.  For  the  trachea  and  the 
oesophagus,  like  a  married  pair,  run  down  side  by  side,  from 
the  palatine  fauces,  and  from  the  tongue,  which  latter  is  set  in 
authority  over  them  both ;  they  recline  close  together,  lying  head 
to  head,  and  lend  their  mouths  to  mutual  kisses;  each  holds 
the  other  in  a  fibrous  chain,  and  presses  it  with  a  soft  embrace. 
They  are  associates  in  oflSce  in  this  respect,  that  both  of  them 
connect  and  unite  higher  things  with  lower, — ^those  things  that 
belong  to  the  head  with  those  that  belong  to  the  body :  the 
oesophagus  uniting  with  the  head  those  that  belong  to  the  ab- 
domen, and  the  trachea,  those  that  belong  to  the  thorax  {z). 
When  the  pharynx  is  rolling  down  the  food  through  the  oeso- 
phagus, the  larynx  and  the  trachea  yield,  the  latter  yielding  in 
its  softer  or  membranous  portion  all  the  way  to  the  round  tips 
of  the  annular  cartilages,  and  going  inwards,  into  its  cavity  (a) : 
and  on  the  other  hand,  when  the  larynx  and  the  trachea  are 
respiring  strongly,  taking  deep  breaths  or  making  loud  sounds, 
then  the  pharynx  and  the  oesophagus  yield  to  the  same  amount: 
wherefore  these  oi^ans  mutually  compress,  anoint  and  enter 
each  other:  the  one  is  passive  while  the  other  acts,  and  the 
larynx  and  trachea  do  not  so  much  as  utter  a  tone  or  a  murmur 
while  the  pharynx  and  oesophagus  are  eating ;  and  vice  versa  : 
which  is  the  reason  why  the  posterior  part  of  the  circle  of  the 
trachea,  the  part  next  to  the  oesophagus,  is  membranous,  ten- 
dinous, muscular  and  elastic,  and  therefore  reciprocally  passive 
and  active  (i).     Hence  nerves  from  the  two  brains,  that  is  to 

larynx ;  for  what  is  proper  to  any  one  thing,  according  to  nature's  con- 
stant law,  must  also  be  common  to  all :  and  its  going  forth  for  the 
public  service,  is  a  thing  provided  for  in  all  kinds  of  various  ways. 
(z)  See  Part  I.,  n.  82,  the  Chapter  on  the  (Esophagus. 

(a)  Respecting  the  manner  in  which  the  larynx  closes  its  passage, 
and  stops  the  breath,  while  the  pharynx  is  swallowing,  see  above, 
n.  367. 

(b)  We  are  principally  instructed  by  the  influx  of  the  nerves,  re- 
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say^  nerves  of  nature  and  the  will,  go  to  both  these  organs, 
and  oblige  them  to  mutual  compliance :  and  inasmuch  as  the 

specting  the  origin  of  the  actions  of  organs, — whether  those  actions 
spring  from  the  cerebrum,  or  from  the  cerebellum  ;  consequently  whe- 
ther they  are  subject  to  the  government  of  nature,  or  to  the  government 
of  the  will.  Inasmuch  as  the  cerebellum  acts  under  the  guidance  of 
nature  alone,  therefore  we  may  properly  term  its  nerves,  natural  nerves  ; 
or  what  amounts  to  the  same  thing,  we  may  term  the  actions  which 
result  from  them,  natural  actions ;  but  the  others  may  be  denominated 
nerves  of  the  will,  and  the  actions  produced  by  them,  voluntary  actions. 
Besides  which  there  are  also  certain  mixed  actions,  as  there  are  mixed 
fibres  of  nerves  that  enter  the  organic  muscular  substances.  What  is 
natural  and  what  voluntary,  may  indeed  be  perhaps  concluded  from  the 
nerves  themselves,  but  more  surely  and  plainly  from  the  actions,  which 
are  the  actual  effects.  For  the  nerves  of  nature,  or  of  the  cerebellum, 
while  they  are  yet  tarrying  on  the  threshold  of  the  descent  to  the  trunk 
of  the  body,  commingle  and  interweave  with  each  other  in  the  most 
various  ways,  and  unite  by  mutual  anastomoses;  particularly  in  the 
ganglia  of  the  intercostal  or  great  sympathetic  nerve,  the  uppermost 
semilunar  ganglion  of  which,  placed  in  the  neck,  is  entered  by  nearly 
all  the  nerves  of  the  head,  and  by  great  numbers  of  those  of  the  neck ; 
and  inside  the  ganglion,  these  nerves  consodate  and  intertwine,  accord- 
ing to  all  the  modes  of  operation  they  are  afterwards  to  execute,  and 
then  issue  forth  in  this  commingled  state  :  wherefore  some  fibres  of  the 
cerebrum,  inserted  from  the  medulla  oblongata  and  spinalis,  seem  to 
accompany  every  branch  of  the  intercostal  nerve  and  par  vagum.  With 
respect  to  the  nerves  which  go  to  the  trachea  and  laiynx,  they  are 
branches  of  the  right  and  left  trunks  of  the  par  vagum,  and  spring 
consequently  from  nature's  fountain,  the  cerebellum ;  although  they  may 
also  contain  a  number  of  voluntary  nerves ;  inasmuch  as  the  par  vagum, 
before  descending,  first  plunges  into  the  uppermost  ganglion  of  the 
intercostal  nerve,  and  perhaps  unites  therein  with  many  voluntary 
branches.  Certain  it  is,  from  the  neurological  researches  of  various 
anatomists,  that  a  particular  voluntary  nerve,  arising  from  the  second 
cervical  pair,  runs  to  the  larynx,  and  suppHes  its  muscles ;  and  this, 
through  the  fissure  between  the  thyroid  and  cricoid  cartilages ;  that  is, 
in  the  most  quiet  region  of  the  larynx,  and  at  the  general  meeting- 
place  of  its  motions :  but  that  the  par  vagum  reigns  over  the  whole  of 
the  tracheal  tube,  and  when  it  descends  beside  the  larynx,  (to  its  own 
second  ganglion  according  to  Vieussens, — to  the  second  ganglion  of  the 
intercostal  nerve  according  to  Winslow,)  it  sends  upward  a  certain  nerve. 
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trachea  is  carried  away  by  so  many  motions  that  are  not  proper 
to  it, — ^by  an  infinity  of  voluntary  and  even  alien  motions, — 
therefore  nature  dare  not  venture  too  near  with  her  nerve,  the 
par  vagum,  but  first  passes  by,  and  then  runs  back  again,  and 
detaches  a  number  of  twigs  from  her  recurrent  nerve,  and  cau- 
tiously transmits  them  to,  and  plants  them  in,  this  tube,  sub- 
ject, as  it  is,  to  so  many  inconstancies  of  the  will.  The  same 
may  be  said  of  the  carotid  artery,  which  at  first  has  no  offsets, 
but  afterwards  reflects  a  branch,  in  the  manner  of  an  arch,  to 
the  larynx. 

381.  The  trachea  also  divides  and  shares  the  salivary  humor 

which  proceeding  along  the  trachea,  communicates  to  it  an  immense 
number  of  twigs,  and  in  the  larynx  meets  its  fellow-nerve  of  the  oppo- 
site side ;  this  nerve,  from  its  course  is  termed  the  recurrent  nerve. 
The  reason  why  the  trunk  of  the  par  vagum  dare  not  come  in  contact 
with  the  trachea,  is,  because  the  trachea  is  subject  to  such  innumerable 
extraordinary  and  voluntary  motions  ;  namely,  every  moment  when  we 
are  speakings  singing,  eating,  &c.  But  let  us  hear  Winslow's  descrip- 
tion of  the  nerves  of  the  trachea.  "  The  third  branch  [of  the  eighth 
pair]/*  says  he,  "  passes  between  the  comu  of  the  os-hyoides  and  the 
ala  of  the  thyroid  cartilage,  and  running  in  between  that  cartilage  and 
the  cricoid,  it  communicates  with  the  extremities  of  the  recurrent 
nerve.  ...  In  its  passage  it  [the  large  trunk  of  the  eighth  pair]  gives 
small  branches  to  the  neighboring  parts.  .  .  .  One  of  these  small 
branches,  in  its  course  downwards,  joins  a  small  branch  of  the  second 
cervical  pair,  and  is  distributed  to  the  thyroid  gland.  ...  As  the  right 
trunk  passes  before  the  subclavian  artery,  it  gives  off  a  considerable 
branch,  which  bends  backward  under  the  artery,  and  mounts  up  the 
side  of  the  trachea,  to  which  and  to  the  oesophagus  it  gives  filaments, 
all  the  way  to  the  posterior  part  of  the  larynx :  this  branch  is  the 
recurrent  nerve.  This  recurrent  nerve  having  reached  the  larynx,  gives 
branches  to  its  muscles,  to  the  pharynx  and  thyroid  gland,"  &c. 
(n.  369).  These  particulars  suffice  to  shew,  how  speech,  at  first 
ordered  by  the  mind,  through  the  medium  of  the  will,  becomes  ulti- 
mately in  a  manner  natural ;  namely,  in  the  first  instance  by  the  media- 
tion of  the  branch  of  the  second  cervical  pair,  which  conspires  with 
the  nerve  of  speech,  or  of  the  ninth  pair ;  and  then  that  the  larynx, 
thus  instructed  and  cultivated,  subjects  itself  gradually  to  the  govern- 
ment of  the  eighth  pair,  that  is,  of  nature.  But  we  shall  treat  further 
of  these  subjects  in  another  place. 
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proceeding  from  Us  springs,  in  just  proportion  between  itself  and 
the  oesophagus,  according  to  the  necessities  of  each :  the  humor 
proceeding,  I  mean,  both  fipom  its  common  and  from  its  par- 
ticular springs.  The  common  springs  of  the  trachea  are  the 
thyroid  and  bronchial  glands,  which  are  implanted  in  its  tube 
and  covered  by  its  membranes,  and  united  also  by  visible  ex- 
cretory ducts  to  the  oesophagus  (c).  Its  particular  springs  are 
the  numerous  glands  scattered  and  grouped  between  the  cover- 
ings or  involucra,  especially  in  its  posterior  part,  which  abounds 
with  glandular  granules  {d).    That  the  glandular  humor  of  the 

(c)  Respecting  the  bronchial  and  thyroid  glands^  see  Part  I.» 
n.  81  (n),  the  Chapter  on  the  (Esophagus,  where  we  shewed  that  those 
glands  also  proffer  and  supply  their  humors  to  the  oesophagus,  to 
which  they  are  united  by  visible  filaments.  "  The  bronchial  glands," 
says  Heister,  ''are  of  various  sizes,  large  and  small.  They  are  of  a 
blackish  color,  and  are  connected  to  the  lower  part  of  the  trachea,  to 
the  divisions  of  the  bronchia,  and  to  the  oesophagus.  .  .  .  The  thyroid 
[gland]  is  large  ...  it  is  connected  by  its  middle  part  to  the  superior 
rings  of  the  trachea,  but  by  its  comua,  which  run  directly  upwards  on 
both  sides,  to  the  larynx  and  the  oesophagus"  (n.  368). 

{d)  Respecting  the  tracheal  glands,  which  are  situated  in  the  pos- 
terior or  membranous  part  of  the  trachea,  Morgagni  says,  ''  All  along 
the  back  of  the  trachea,  and  of  the  first  branches  of  the  bronchia, 
where  the  cartilages  are  deficient,  when  the  exterior  coat  is  taken  off,  a 
great  number  of  glands  come  immediately  into  view.  These  glands  are 
roundish,  oval  and  compressed,  and  of  various  sizes"  (n.  370).  And 
Heister  says,  ''  In  one  male  subject  I  found  many  black  glands  of  this 
kind,  adhering  to  the  whole  posterior  surface  of  the  trachea,  near  the 
oesophagus,  of  a  size  between  a  grain  of  wheat  and  a  kidney  bean" 
(n.  368).  See  also  what  Winslow  says  of  these  glands,  n.  369.  Mean- 
while, the  existence  of  a  communion  of  humors  or  salivse  between  the 
trachea  and  oesophagus,  appears  to  be  rendered  probable  by  a  number 
of  considerations ;  for  instance,  by  the  fiict,  that  the  discharge  from 
the  glands  in  part  exudes  immediately  into  the  cavity  of  the  tube,  in 
part  into  the  cellular  tissue.  "The  second  or  proper  coat  [of  the 
trachea],"  says  l^^nslow,  "is  cellular,  and  is  a  continuation  of  the 
cellular  covering  of  the  lungs"  (n.  369).  Also  by  the  fact,  that  such 
secretion,  circulating  between  the  membranes,  naturally  betakes  itself  to 
the  quietest  place,  which  is  where  the  tube  of  the  trachea  begins  to  be 
membranous,  or  where  it  lies  against  the  oesophagus  ;  for  this  part  may 
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trachea,  when  use  requires  it^  becomes  common  also  to  the 
oesophagus,  appears  to  be  rendered  highly  probable  by  the 
neighborliness,  proximity,  mutual  inclination,  connexion  and 
cooperation  of  these  two  organs ;  by  the  action  and  passion  of 
the  one  respectively  to  the  passion  and  action  of  the  other;  by 
the  cellular  tissue  between  the  membranes  of  the  trachea,  and 
the  natural  derivation  of  the  fluids  through  that  tissue,  from 
disturbed  places  and  points  to  more  quiet  stations ;  thus  from 
the  anterior  region,  where  the  annidar  cartilages  are  situated, 
to  the  posterior,  where  the  continuous  membranes  are  situated ; 
and  firom  thence,  by  secret  ways  of  discharge,  to  the  oeso- 
phagus, as  by  open  ways,  from  the  larger  glands.  In  this 
manner  the  trachea  performs  the  office  of  the  grand  oesophageal 
salivary  gland. 

382.  rV.  The  trachea  pours  the  alternate  respiratory  motions 
of  the  lungs  into  the  neighboring  parts,  and  thereby  into  the  remote 
and  ultimate  parts ;  namely,  into  all  those  members  and  instru- 
ments of  life  that  pass  up  and  down  through  the  neck,  from 
the  supreme  and  celestial  region  of  the  body  (e)  to  its  inferior 
and  terrestrial  region.     At  the  beginning  of  the  ascent,  it  gifts 

have  an  interval  of  rest  when  the  cartilaginous  rings  are  agitated  up  and 
down.  And  again  from  this  other  consideration,  that  there  are  a  num- 
ber of  reciprocal  passages  between  the  trachea  and  the  oesophagus, — 
those,  for  example,  leading  from  the  general  or  thyroid  and  bronchial 
glands,  respecting  which  see  above,  note  (c).  For  the  states  of  things 
are  always  so  ordered  by  nature,  that  when  a  neighboring  organ  has 
need  of  any  assistance,  it  receives  this  assistance  from  the  organ  next 
to  it,  or  if  this  be  impossible,  then  from  other  organs  more  remote ; 
and  this  particularly  from  the  trachea,  which  has  marvellous  appliances 
and  adaptations  for  serving  all  its  neighbors.  And  if  we  attend  care- 
fully to  the  discharges  of  the  laiynx,  we  shall  find  that  all  its  humor  is 
not  thrown  off  by  either  evaporation,  or  coughing ;  for  sometimes  these 
processes  are  intermitted  for  a  considerable  time,  and  yet  the  trachea  is 
constantly  cleared,  and  gives  out  sharp  and  natural  sound  in  the  in- 
terval :  so  that  it  is  not  easy  to  find  any  other  refuge  for  the  humor 
than  the  oesophagus,  imless  one  chooses  to  consider  that  it  goes  all  the 
way  to  the  palate,  as  we  may  indeed  perceive  to  be  the  case  if  we  attend 
to  our  sensations. 

(e)  That  is  to  say,  from  the  head  and  the  cerebrum,  where  the 
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and  inspires  them  with  the  motion  and  spirit  [animiun]  of  the 
body  (/),  but  only  with  a  common^  not  with  a  special  deter- 

heaven  of  the  body  is  situated,  and  where  the  soul  presides  in  her  own 
high  court  and  tribunal. 

(/)  In  order  that  we  may  comprehend  distinctly  what  the  body  or 
the  corporeal  or  bodily  life  is,  it  is  absolutely  necessary  that  we  should 
know  its  proper  essence,  ailerwards  the  nature  of  the  determination  of 
this  essence,  then  the  nature  of  the  motion  of  the  essence  so  deter- 
mined, and  whence  this  motion  arises,  or  what  is  its  source ;  finally, 
the  nature  of  the  influx  and  correspondency  of  the  higher  with  this 
lower  life, — of  the  spiritual  life  with  the  corporeal :  these  last  are  objects 
of  psychology,  and  require  to  be  investigated  by  the  analytic  method. 
But  to  prevent  us  from  involving  our  ideas  in  obscurity,  at  this  first 
threshold  to  rational  psychology,  it  is  necessary  to  represent  all  these 
points  at  once  and  distinctly,  although  this  is  a  work  of  time,  experi- 
ence, and  the  most  intense  study.  The  proper  essence  of  the  body  is 
the  blood,  which  is  determined  by  the  vessels, — ^by  the  arterial  vessels 
particularly,  but  also  by  the  venous  vessels.  The  determinations, 
therefore,  are  the  organs  or  viscera,  which  are  designed  and  formed  by 
the  blood-vessels,  and  which  are  the  objects  of  the  science  of  anatomy. 
The  motions  of  the  essence  so  determined,  are  natural,  voluntary  and 
mixed ;  the  natural  motions  are  those  of  all  the  organs  or  viscera,  and 
are  excited  by  the  fibres  of  the  cerebellum,  particularly  by  the  fibres  of 
the  great  intercostal  nerve  and  of  the  par  vagum  :  the  voluntary  mo- 
tions are  those  of  all  the  muscles,  which  form  the  circumference  of  the 
body  particularly,  and  its  appendages,  as  the  arms,  the  loins,  &c. 
The  source  of  natural  motion  is  the  cerebellum ;  but  [the  source  of  the 
motion]  of  the  blood  itself  is  the  great  heart  of  the  body,  with  its 
arteries  and  branches,  which  latter  correspond  to  the  heart  as  the 
head  of  these  motions.  The  source  of  voluntary  motion  is  the  cere- 
brum, and  as  aUied  and  associated  with  it,  the  lungs :  although  the 
lungs  are  not  only  the  source  of  the  voluntary  motions,  by  their  associa- 
tion with  the  cerebrum,  but  they  are  in  a  manner  the  source  of  even 
the  natural  motions,  by  their  association  with  the  cerebellum ;  conse- 
quently their  sources  of  motion  are,  properly  speaking,  mixed, — one 
source  ruling  in  the  day-time,  the  other,  during  the  night.  But  the 
nature  of  the  infiux  and  correspondency  of  the  higher  with  this  lower 
lifif — of  the  spiritual  life  with  the  corporeal,  must  furnish  a  subject 
for  our  Psychology.  Meanwhile,  the  lungs  are  the  organs  which 
inspire  the  body  with  its  motion,  and  enable  it  to  Uve  :  for  the  deter- 
mination of  the  essence  of  this  Hfe  is  not  of  itself  sufficient ;  there 
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inmation(^).  Specifically^  it  inspires  these  motions  into  the 
(MsophaguSy  and  thereby  into  the  stomach,  and  so  into  the  viscera  of 
the  abdomen ;  which  latter  depend  from  their  stomachy  and  are 
turned  by  it,  and  the  stomach  by  its  oesophagus,  as  straps  by  a 
wheel,  and  the  wheel  by  its  axis  (A) :  wherefore  the  trachea  re- 
clines beside  the  oesophagus  as  a  close  companion  or  fellow- 
traveller,  all  the  way  from  the  palate,  the  root  of  the  tongue,  or 
from  the  08-hyoides, — ^thus  from  the  last  point  of  the  supreme 
region, — ^through  the  neck,  between  the  two  pleurae  of  the  me- 
diastinum, as  fSetr  as  the  arch  of  the  aorta,  thus  to  the  first 
threshold  of  the  inferior  region  (i) ;  and  through  the  whole  of  the 

must  also  be  a  continual  excitation  to  action  of  the  life  so  determined  : 
the  exercise  of  life  consists  in  bodily  action. 

{g)  The  common  office  of  the  lungs  is  the  proper  office  of  the 
trachea ;  hence  simply  to  excite  motion  is  the  office  of  both  the  lungs 
and  the  trachea ;  but  to  determine  it  specifically,  so  that,  together  with 
the  motion  of  the  brains,  it  may  concur  in  a  general  manner  to  every 
action, — this  is  the  proper  office  of  the  lungs,  and  not  of  the  trachea. 

(A)  Respecting  these  subjects,  see  Part  1.,  the  Chapters  on  the 
(Esophagus,  the  Stomach,  and  the  Peritonaeum ;  where  it  was  shewn 
that  the  oesophagus  flows  into  the  stomach,  not  only  with  its  coats,  but 
also  with  its  activities ;  consequently  with  the  alternate  pulmonic  mo- 
tion, which  it  receives  from  its  companion,  the  trachea,  during  every 
moment  of  respiration ;  and  as  often,  by  its  coats  and  by  the  nerves 
which  it  conveys  to  the  stomach,  propagates,  and  renders  in  a  manner 
habitual  and  natural,  to  that  viscus  ;  and  since  to  the  stomach,  therefore 
also  to  the  viscera  of  the  whole  of  the  abdomen,  which  are  set  in  action 
by  the  stomach,  as  being  the  straps  or  little  wheels  of  the  abdominal 
machine,  [of  which  the  stomach  is  the  grand  wheel]  :  this  effect  being 
aided  by  the  peritonaeum,  which  actuated  by  the  lungs,  by  means  of 
the  diaphragm,  flows  into  the  same  viscera  with  a  similar  vicissitude  of 
motions,  and  thus,  together  with  the  stomach,  obliges  them  to  yield 
compliance  to  the  motions  of  the  lungs. 

{%)  The  trachea,  according  to  Winslow,  "  runs  down  into  the  thorax, 
between  the  two  pleurae,  through  the  upper  space  left  between  the^du- 
plicature  of  the  mediastinum,  behind  the  thymus  gland.  Having 
reached  the  curvature  or  arch  of  the  aorta,  it  divides  into  two  lateral 
parts  termed  bronchia"  (n.  369).  Thus  the  trachea  is  made  over  and 
bound  to  the  lungs  by  two  bonds  ;  namely,  by  its  continuation  to  the 
innermost  parts  of  the  lungs  in  the  form  of  little  tubes,  perpetually 
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same  course  is  connected  to  the  oesophagus  by  social  bonds  (k), 
and  infiises  into  it  the  alternate  motions  of  the  lungs^  during 
each  of  its  own  alternations.  Also  into  the  great  sympathetic 
nerves, — the  intercostal  and  the  par  vagum,  which  pass  down  on 
both  sides  of  the  trachea,  and  by  numerous  branches  of  their 
recurrent  nerves,  all  so  many  means  of  connexion,  are  associated 
and  united  to  it  (/) :  and  thus  it  inaugurates  these  strangers, 

ramifying,  subdividing,  and  multiplying:  also  by  its  continuation  to 
the  outermost  parts  of  the  lungs  by  means  of  the  membranes,  princi- 
pally of  that  next  the  common  membrane,  and  of  the  cellular  mem- 
brane, and  also  by  means  of  the  mediastinum,  which  is  reflected  around 
the  lungs  as  a  continuation  of  the  pleura.  Thus  not  the  smallest  action 
can  possibly  take  place  in  the  lungs,  without  being  communicated  to 
the  trachea,  and  carrying  it  away  in  the  same  manner  as  the  lungs. 

(k)  It  is  well  known  that  the  trachea  not  only  leans  against  the 
oesophagus,  but  also  is  connected  to  it  throughout ;  in  the  same  manner 
as  the  pharynx  of  the  oesophagus  b  connected  to  the  larynx  of  the 
trachea  by  the  crico-pharyngeei  and  thyro-pharyngaei  muscles ;  also  by 
the  tubular  filaments  proceeding  from  the  th3rroid  and  bronchial  glands. 
The  trachea  is  "connected,"  says  Heister,  "with  the  fauces,  the 
lungs,  and  the  oesophagus.  .  .  .  The  bronchial  glands  ...  are  connected 
to  the  lower  part  of  the  trachea,  to  the  divisions  of  the  bronchia,  and 
to  the  oesophagus"  (n.  368). 

(J)  It  was  pointed  out  above,  that  the  gr^  sympathetic  nerves  dare 
not  approach  too  near  to  the  larynx,  because,  inasmuch  as  they  arise 
from  the  cerebellum,  they  are  nerves  of  nature,  and  keep  all  things  in 
constant  order,  and  reduce  all  voluntary  motions  thereto ;  and  because 
the  motions  of  the  trachea  are  most  inordinate, — subject  every  moment 
to  the  actions  of  the  lungs,  of  the  larynx,  the  oesophagus,  and  all  the 
muscles  of  the  tongue,  the  os-hyoides,  the  palate,  and  even  of  the 
hc^,  the  neck,  and  the  thorax.  On  these  accounts,  the  sympathetic 
nerves  send  upwards  and  backwards  a  certain  branch,  termed  the  recur- 
rent nerve.  This  nerve  detaches  from  its  Uttle  trunk  a  number  of 
branches,  and  puts  them  prudently  and  cautiously  into  the  trachea; 
these  branches  being  so  many  lines  or  paths,  by  which  the  pulmonic  or 
respiratory  motion  of  the  trachea  is  communicated  to  these  two  uni- 
versal nerves  of  the  body.  Consequently,  when  the  trachea  insinuates 
these  motions  into  them,  they  necessarily  transfer  the  motions  into  their 
viscera,  which  they  intimately  penetrate  and  even  constitute  :  but  only 
in  common ;  for  all  their  fibres  bring  this  same  motion  with  them  from 
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and  thereby  the  innermost  parts  of  the  viscera,  into  this  vital 
motion  of  the  body.  Likewise  into  the  ascending  carotid  artery, 
and  the  descending  j^^ftUar  vein,  which  enclosed  together  with  the 
great  nerves  just  mentioned,  in  a  kind  of  cellular,  fibrous,  and 
membranous  sheath,  likewise  pass  on  both  sides  not  far  from 
the  larynx  (m),  uniting  themselves  to  it  by  branches,  and  being 
thus  linked  with  it  in  one  common  design.  In  this  way,  more- 
over, the  trachea  brings  the  respiratory  motions  of  the  lungs 
into  consociation  and  unison  with  the  animatory  motions  of  the 

the  cerebellum,  and  thus  implant  it  in  the  viscera.  But  wherever  the 
particular  is  present,  there  the  general  must  also  be,  in  order  that  a 
certain  and  inevitable  effect  may  result  from  the  correspondence  of  both. 
See  Winslow,  n.  369. 

(m)  The  carotid  artery,  emerging  freshly  from  the  trunk  of  the 
aorta,  and  beginning  its  ascent,  brings  with  it  the  motion  of  the  aorta 
and  heart ;  but  in  order  that  it  may  be  initiated  into  the  motions  of  the 
brains  and  lungs,  it  runs  at  no  great  distance  from  the  larynx  ;  yet  on 
account  of  the  inconstancy  of  the  latter*  s  motions,  the  aorta,  like  the 
par  vagum,  does  not  venture  to  touch  it,  but  mounts  up  straight  and 
branchless  until  it  rises  above  and  beyond  the  trachea  and  the  larynx, 
and  then  puts  forth  its  first  branch,  and  curves  it  back  towards  the 
larynx  and  trachea.  Thus  the  carotid  artery,  the  jugular  vein,  and  the 
two  nerves, — the  intercostal  and  the  par  vagum, — are  kept  constantly 
in  the  stream  of  this  motion,  that  is,  of  corporeal  life ;  for  they  run  not 
far  from  the  trachea,  enclosed  together  in  the  same  sheath  or  capsule. 
"  Through  all  this  course,"  says  "Winslow,  "  this  trunk  [of  the  par 
vagum]  is  invested  by  a  kind  of  cellular,  filamentary,  or  membranous 
sheath,  common  to  it  with  the  internal  carotid  artery,  the  internal 
jugular  vein,  and  the  great  sympathetic  nerve.  In  its  passage  it  gives 
small  branches  to  the  neighboring  parts,"  &c.  (n.  369).  The  reader 
will  find  these  points  delineated  by  Morgagni,  Advers,  Anat.  v.,  tab.  ii., 
fig.  1.  I  am  aware  that  the  carotid  artery  and  the  nerves  keep  close  to 
the  cervical  vertebrae,  and  are  not  exactly  beside  the  larynx ;  but  inas- 
much as  in  this  case  they  are  near  the  oesophagus  and  the  pharynx, 
therefore  the  operation  of  the  larynx  must  necessarily  be  transferred  to 
them,  by  means  of  the  cesophagus,  the  mediastinum,  and  the  pleura : 
and  if  these  are  disposed  to  the  pulmonic  motions  by  the  trachea  imme- 
diately, then  the  trachea  is  the  cause  of  the  effect,  because  it  is  the 
cause  of  the  cause. 

i2 
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brains  (n).  Thus  the  trachea  renovates  the  motive  life  of  the 
body;  which  motive  life,  were  it  not  for  the  above  social  com- 
pact between  the  brains  and  the  lungs,  would  be  similar  to  our 
first  life  in  the  ovum  and  womb ;  in  other  words,  it  would  be 
complete  in  potency,  but  very  defective  in  endeavor,  and  nothing 
at  all  in  act  (o). 

383.  y.  The  trachea  insinuates  into  the  neighboring  parts, 
and  thereby  into  aU  other  parts,  high  and  low,  its  own  sonorous 
tremblings,  as  well  as  those  of  the  larynx :  thus  it  excites  the  ar- 
terial blood  mowrding  to  the  head  and  brain,  and  exhilarates  and 
animates  it  by  a  general  modification.  The  trachea  does  this  by 
communicating  its  tremor  to  every  particle  of  the  blood,  by 
means  of  the  membranes,  nerves,  and  vessels,  and  by  means  of 

(n)  Respecting  this  coincidence  of  motions, — of  the  animatory 
motion  of  the  brains  with  the  respiratory  motion  of  the  lungs, — see  the 
Part  on  the  Cerebrum.  The  larynx  appears  to  be  a  uniting  medium 
between  these  motions,  and  both  by  its  motive  and  sensual  powers,  (of 
which  latter  we  shall  speak  in  the  next  paragraph,)  communicates  with 
the  vessels  proceeding  to  the  brains,  and  with  the  vessels  and  nerves 
coming  down  from  the  brains. 

(o)  It  is  very  evident  from  mere  experience,  that  no  voluntary  mo- 
tions or  actions  can  be  produced  without  the  correspondence  and  assist- 
ance of  the  lungs.  How  the  lungs  conspire  to  particular  actions,  we 
may  all  perceive  by  a  little  reflexion  upon  what  passes  in  our  own  per- 
sons, and  by  considering  some  of  the  actions  specified  above  (n.  374)  : 
also  by  the  case  of  uterine  life,  before  the  opening  of  the  lungs,  in 
which  state  the  power  of  acting  exists  in  all  the  muscles  and  members, 
and  yet  no  action  follows  the  power.  But  the  confirmation  of  the  expe- 
rience of  these  matters  by  reason,  and  of  the  reason  by  experience,  is  a 
subject  for  another  place.  Thus  much  is  pUin, — that  the  lungs  contri- 
bute in  a  general  manner  to  all  actions,  both  natural  and  voluntary,  and 
by  their  determination  excite  the  nerves,  and  trunks  of  nerves,  to  act 
in  one  particular  way,  and  in  no  other  :  while  the  cerebrum  and  cere- 
bellum do  the  same,  not  only  in  general,  but  also  in  every  particular ; 
thus  the  lungs  influence  the  stomach,  by  means  of  their  own  action  and 
that  of  the  trachea,  directed  upon  those  great  nerves  which  flow  along 
the  oesophagus  to  the  stomach.  Hence  the  trachea  with  the  lungs 
renovates  the  motive  life  of  the  body.  But  you  mUl  see  these  particulars 
more  fully  explained  in  the  foUowmg  Chapter,  on  the  Lungs. 
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the  sheath  in  which  the  carotid  artery,  the  jugular  vein,  and 
the  two  sympathetic  nerves  are  jointly  enclosed  in  their  as- 
cent (p).  lAketvise  the  venous  blood  returning  from  the  head  and 
brain,  together  with  the  ear,  the  companion  in  office  of  the  trachea. 
For  the  jugular  vein  comes  out  of  the  chamber  of  the  cerebrum 
in  company  with  the  par  vagum,  through  a  foramen  or  foramina 
[foramen  lacerum  posterius]  common  to  the  two,  in  the  petrous 
portion  of  the  temporal  bones,  where  the  ear  with  its  harmonic 
instruments  is  lying  underneath  in  its  carved  recess,  and  where 
the  tented  web  and  membrane  is  perpetually  trembling  in  coin- 
cidence  with  the  sonorous  modulations  of  the  ear  (y).  From 
this  place  the  vein  passes  rapidly  down  to  the  larynx  and  tra- 
chea, thus  into  a  second  field  of  sonorous  tremors,  exhibiting 
in  its  course  a  manifold  play  of  ramifications,  and  forming  fre- 
quent anastomoses  with  its  fellow  internal  vein  of  the  opposite 
side,  and  with  its  kindred  external  vein  (r).     Thus  this  venous 

(p)  See  above,  note  (m). 

(g)  There  is  a  certain  tract  within  the  cavity  of  the  cranium, 
bounded  by  the  sinuses,  particularly  by  the  ultimate  or  lateral  sinuses 
and  their  receptacles,  which  I  think  may  properly  be  termed  the  sono- 
rous tract :  for  the  petrous  portions  of  the  temporal  bones  subtend  it ; 
and  the  ear  lies  below  it,  hidden  in  its  carved  recess ;  the  portio  dura 
of  the  seventh  pair  there  goes  up  into  the  ear ;  and  the  jugular  fossa 
opens  in  the  same  situation,  and  affords  a  common  passage  to  the  jugular 
vein  and  the  eighth  pair  of  nerves.  Thb  tract  is  particularly  capable  of 
trembling,  being  constructed  of  petrous,  squamous,  and  cellular  bones, 
and  influenced  moreover  by  all  audible  vibrations.  Thus  the  jugular 
vein  and  the  par  vagum,  from  their  very  cradles,  are  introduced  into 
the  nature  of  the  tremors  of  this  sense :  and  as  they  pass  down,  they 
fall  into  a  similar  sphere,  that  is  to  say,  to  the  very  sources  and  active 
powers  of  sound,  namely,  over  the  larynx  and  trachea ;  which  sphere 
likewise  communicates  with  this  same  nerve,  and  with  the  jugular  vein 
as  it  issues  from  the  cranium,  by  means  of  the  Eustachian  tube. 

(r)  The  two  jugular  veins  form  very  remarkable  anastomoses  upon 
the  trachea,  which  are  admirably  figured  by  Eustachius,  Tabul.  Anat,, 
tab.  X.,  fig.  i,  2.  Winslow  also  makes  some  mention  of  these  anasto- 
moses. **  Posteriorly,"  says  he,  "  it  [the  external  anterior  jugular  vein] 
gives  off  a  large  branch  on  the  side  of  the  upper  part  of  the  larynx,  which 
communicates  with  the  internal  jugular ;  .  .  .  and  below  the  larynx  it 


Digitized  by  VjOOQ IC 


118  THE    ANIMAL   KINGDOM. 

blood,  deprived  in  the  cerebrum  of  its  spirit,  of  its  finer  life, 
and  power  of  fluidity,  and  hence  become  lifeless,  slow  and 
dull  [s),  would  die  of  languor,  unless  a  certain  tremulous  agita- 
tion, expansion  and  constriction  invaded  its  particles  severally, 
dashed  them  together,  plucked  them  asunder,  shook  off  their 
torpor,  and  sandalled  them  with  &esh  wings.  By  accomplishing 
these  results,  the  larynx  and  trachea  put  this  blood  in  a  state  of 

sends  communicating  branches  to  the  external  anterior  jugular  vein  of 
the  other  side"  (n.  369).  In  fact,  a  number  of  twigs  pass  into  these 
very  communicating  branches :  so  that  the  tremor  collected  by  all,  and 
multiplied  on  the  way  until  it  reaches  the  subclavian  vein,  increases  in 
a  greater  degree  than  the  veins  themselves  in  their  expansion  into 
trunks. 

(«)  For  the  blood  that  is  fuller  of  life  and  more  rich  in  spirits,  is 
raised  up  towards  the  cerebrum,  and  expended  and  immolated  for  its 
purely  organic  or  cortical  substances,  which  reclaim  and  emunge  the 
spirit  of  their  blood,  and  ultimately  send  it  forth  in  a  kind  of  high 
circulation  through  the  fibres,  as  we  shall  shew  by  an  abundance  of 
experimental  proofs  in  the  Part  on  the  Cerebrum.  "Wherefore  the  blood 
bereft  of  its  spirit,  and  comparatively  resisting,  hard  and  Urid,  and 
consequently  slu^sh,  (because  deprived  of  its  spirit  or  principle  of 
fluidity,)  is  rejected  into  the  sinuses  through  the  Uttle  veins.  This 
blood  is  refected  by  a  portion  of  new  spirit,  in  the  ultimate  receptacles 
of  the  sinuses,  as  will  also  be  explained  in  our  Analysis  in  the  same 
Part.  But  with  the  eflete  blood  the  spirit  can  celebrate  no  nuptials  ; 
hence  in  order  that  the  languid  blood  may  be  excited,  and  the  fresh 
spirit  exhilarated,  they  are  both  led  into  this  sonorous  or  tremulous 
field  of  the  larynx  and  trachea.  The  effect  that  results  from  so  lively 
and  sensible  a  trembling,  infused  into  fluid  parts,  may  easily  be  con- 
cluded from  phenomena,  as  well  as  from  rational  considerations ;  espe- 
cially if  we  are  inclined  to  infer  the  effect  from  causes,  and  their  modes 
of  action.  For  the  modification  of  the  air,  which  is  perceived  by  the 
ear  as  sound,  consists  in  the  stroke  of  one  particle  against  another, 
whereby  these  perfectly  elastic  particles  are  suddenly  compressed,  and 
again  expanded,  which  goes  on  from  part  to  part,  until  it  is  diffused 
over  the  whole  of  the  adjoining  atmosphere.  Now  supposing  that  the 
particles  of  the  blood  are  assailed  by  a  similar  force,  then  of  course 
this  will  give  rise  to  a  mutual  action  of  one  particle  against  another ; 
consequently  to  a  compression  and  expansion  of  each,  and  thus  to  a 
separation  of  those  that  are  sticking  together,  to  a  discussion  of  incon- 
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preparation  and  animation,  by  a  kind  of  nuptial  time  and  song, 
for  its  approaching  marriage  and  new  coition  with  the  chyle  of 
the  thoracic  duct  (/).  Thus  the  trachea  renovates  the  sensual  life 
of  the  body ;  which  life  derives  its  existence  from  modifications ; 
for  only  take  away  life  from  sensation,  and  what  remains  is 
modification,  more  or  less  simple  or  compound  according  to  the 
sabstances  which  it  pervades :  wherefore  sensation,  Uke  modifica- 
tion, may  be  either  innermost,  middle,  or  outermost,  the  last 
variety  being  sensible  in  the  form  of  sound,  in  the  larynx,  the 
trachea,  and  the  ear  («). 

384.  VI.  The  trachea  represents  in  itself,  as  in  an  image, 
how  every  member  of  this  body  or  kingdom  lives  for  all  the  other 
members,  and  not  for  itself  alone.  This  is  clearly  evident  from 
the  wide  extension  of  its  benefits  and  operations,  and  their  com- 
munication to  the  universal  organic  system ;  there  being  notliing 

gruities  in  the  particles  themselves,  and  to  an  incitation  of  them  fdl  to 
motion. 

(t)  For  where  the  jugular  vein  &Us  into  the  left  subclavian,  there 
the  thoracic  duct  goes  in  with  its  new  chyle ;  as  shewn  in  our  Chapter 
on  the  Thoracic  Duct.  Now  since  every  tremble  is  multiplied  and  in- 
creased fdl  the  way  from  the  first  emergence  of  this  vein  from  the 
cranium,  and  afterwards  in  its  passage  beside  the  larynx  and  trachea, 
all  the  way  to  its  termination,  where  it  enters  the  subclavian,  therefore 
it  follows  that  in  the  latter  situation  the  tremble  is  most  intense,  and 
excites  with  the  most  active  force  both  the  descending  blood  and  spirit, 
and  the  chyle  itself,  by  perpetual  minute  vibrations :  hence  the  chyle 
obtains  a  power  of  copulating  intimately  with  the  spirit  that  has  come 
down  from  the  cerebrum  with  the  blood,  and  enjoying  as  it  were  the 
first  delights  of  marriage.  But  fdl  these  statements  are  conclusions 
from  premises  which  are  yet  to  be  laid  down,  and  which  must  be  proved 
for  the  first  time  in  our  Analysis  of  the  Cerebrum  ;  namely,  that  the 
venous  blood  of  the  cerebrum  is  almost  lifeless,  and  that  new  spirit 
flows  into  it  as  it  is  leaving  the  cranium.  Assuming  these  points  in  the 
meantime,  and  granting  the  common  tremble  above  alluded  to,  we  have 
then  the  efiect  as  laid  down  in  our  proposition.  Yet  inasmuch  as  nu- 
merous and  multiplied  means  and  causes  concur  to  one  effect,  therefore 
we  cannot  assign  a  higher  office  to  this  tremble,  than  that  of  a  subser- 
vient cause. 

(tt)  These  points  will  be  treated  fully  in  the  Part  on  the  Cerebrum 
and  Sensoria,  and  in  the  Doctrine  of  Modifications. 
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proper  to  the  trachea  that  is  not  also  common  to  all  the  mem- 
bers :  the  consequence  of  which  is,  following  the  principle  of 
reciprocity  and  mutuahty,  that  nothing  is  proper  to  any  meipber 
in  this  great  society,  that  does  not  yet  in  turn  go  forth  for  the 
interest  and  advantage  of  that  society.  In  this  kingdom,  the 
cardinal  life  of  every  organ,  or  the  excellency  of  its  life  over 
that  of  other  organs,  consists  in  the  fact,  that  whatever  it  has 
of  its  own,  still  in  a  vrider  sense  belongs  to  the  community,  and 
whatever  afterwards  results  fix)m  the  community  to  the  organ,  is 
the  only  individual  property  which  the  latter  claims. 
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385.  Heister.  ''The  lungs  are  the  largest  viscera  of  the  thorax, 
and  are  situated  in  the  two  sides  of  the  cavity,  having  the  heart  as  it 
were  in  the  midst  of  them.  They  are  connected,  1.  With  the  sternum 
and  vertebrae,  by  means  of  the  mediastinum.  2.  With  the  heart,  by 
means  of  the  pulmonary  vessels.  3.  With  the  trachea.  The  color  of 
the  lungs  in  infimts  is  a  fine  florid  red ;  in  adults  and  old  subjects  it  is 
bluish,  or  variegated  with  black  and  white.  Their  figure,  when  they 
are  inflated,  somewhat  resembles  that  of  an  ox's  hoof;  it  is  convex 
superiorly,  concave  inferiorly.  They  are  divided  into  two  great  lobes, 
(termed  by  Celsus,  fibres,)  a  right  and  a  left ;  the  left  lobe,  which  is 
the  smaller,  is  divided  into  two  others ;  and  the  right,  which  is  the 
larger,  into  three ;  and  each  of  these  is  again  divided  into  innumerable 
Httle  lobes.  The  membrane  surrounding  the  lungs  is  continuous  with 
the  pleura.  The  pulmonary  substance,  named  substantia  spongiosa  by 
Celsus,  substantia  vesiculosa  by  Malpighi,  is  entirely  made  up  of  mi- 
nute vesicles  of  a  fleshy  texture,  and  of  various  vessels.  These  vesseb 
are  the  bronchia,  the  pulmonary  artery  and  veiiis,  &c.  The  bronchia 
are  composed  at  first  of  imperfect  rings,  but  in  their  progress,  of  car- 
tilaginous pieces  variously  united,  and  of  contractile  membranes :  they 
arise  from  the  trachea,  and  dividing  first  into  branches,  then  into  innu- 
merable twigs,  finally  terminate  in  the  minute  vesicles  before  mentioned. 
These  vesicles,  forming  a  principal  part  of  the  substance  of  the  lungs, 
leave  between  them  interstices  which  communicate  with  each  other,  and 
they  seem  to  adhere  to  the  littie  branches  of  the  bronchia  in  the  manner 
of  clusters  of  grapes.  The  pulmonary  artery  and  vein  are  divided 
almost  in  the  same  manner  as  the  bronchia,  and  accompany  them 
throughout  their  course,  although  in  different  ways  in  different  parts, 
and  at  length  by  their  ultimate  ramifications  about  the  vesicles,  they 
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form  what  is  called  the  rete  yasculosum  Malpighii.  These  vessels  do 
not  serve  for  the  nutrition  of  the  lungs,  hut  for  the  circulation  of  the 
blood  through  them.  (Camp.  Anat.,  n.  258.)  It  has  been  a  matter  of 
dbcussion  with  some  anatomists,  why  the  pulmonary  artery  is  larger 
than  the  pulmonary  vein,  whereas  in  all  other  parts,  the  veins  are 
larger  than  the  arteries.  Some  have  supposed  this  to  be  the  case 
because  the  blood  is  unduly  separated  or  expanded  in  the  artery,  and  is 
compacted  again,  or  condensed  in  the  lung,  by  the  act  of  respiration, 
and  consequently  requires  less  space  in  the  pulmonary  vein  than  in  the 
pulmonary  artery.  But  putting  aside  the  opinions  of  others,  I  imagine 
that  the  artery  is  larger  here,  because  the  blood  returning  to  the  heart 
is  too  thick  to  pass  with  freedom  through  the  exquisitely  fine  vascular 
rete  of  the  lungs  ;  and  its  retardation  and  powerful  resistance  in  this 
part  gives  rise  to  a  distension  and  dilatation  of  the  artery.  On  the 
other  hand,  the  blood  of  the  pulmonary  vein  has  no  obstacle  of  any 
magnitude  to  resist  or  impede  its  motion ;  but  having  been  previously 
fined  in  the  lungs,  may  flow  freely  into  the  lefl  cavity  of  the  heart,  and 
hence  the  vein  is  smaller  or  narrower  than  the  artery.  I  ought  to  indi- 
cate here,  by  way  of  supplement,  that  I  have  hitherto  neglected  to 
mention  a  capsule  or  tunic,  admirably  described  by  Lancisi  a  short  time 
since,  which  is  continuous  with  the  pericardium,  and  encases  the  ves- 
sels of  the  limgs,  that  is,  the  pulmonary  artery  and  vein,  and  the 
bronchia,  both  outside  the  lungs  and  in  their  substance,  in  the  same 
manner  as  the  capsule  of  GUsson  encases  the  vessels  of  the  liver.  (Ibid,, 
not.  41.)  The  vessel,  commonly  called  the  bronchial  artery  of  Ruysch, 
is  dedicated  to  the  nutrition  of  the  lungs ;  it  arises  by  one,  two,  or 
even  three  trunks,  either  from  the  aorta,  or  from  the  intercostal  arteries, 
and  is  throughout  closely  adherent  to  the  bronchia.  The  bronchial  vein 
arises  either  from  the  intercostal  veins  or  from  the  vena  azygos.  (Ibid,, 
n.  258.)  I  had  often  sought  without  effect  for  the  bronchial  veins  in 
the  human  body;  at  length,  in  the  year  1719,  I  saw  them  clearly  and 
distinctly  for  the  first  time  in  a  female  subject :  they  ran  in  several 
branches  from  the  intercostal  veins  to  the  bronchia;  three  of  these 
branches  were  very  observable,  being  about  the  thickness  of  fine  straws: 
they  are  not,  however,  always  to  be  met  with.  Cowper  asserts  that  he 
has  often  seen  one  or  more  of  them  running  to  the  subclavian  veins. 
For  further  information  on  this  head,  the  reader  may  consult  Morgagni, 
Epist,  Anat,  i.,  n.  90,  where  he  mentions  among  other  particulars  that 
Gralen  has  written  upon  the  subject  of  the  bronchial  vein.  (Ibid,,  not. 
42.)  The  nerves  of  the  lungs  come  from  the  thoracic  plexus  of  the 
par  vagum  and  intercostal  nerve.  Their  Ijnmphatics  run  to  the  thoracic 
duct.  (Ibid.,  n.  258.) 
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386.  "  The  muscles  of  respiration  serve  to  dilate  and  contract  the 
chest.  The  dilators  act  conjointly.  They  are,  1.  The  diaphragm, 
which  has  heen  already  treated  of  in  its  place.  2.  The  intercostals, 
which  are  forty-four  in  numher ;  in  each  interstice  of  the  rihs  there  are 
two,  one  external  and  one  internal.  They  arise  from  the  inferior  margin 
of  the  superior  rib,  and  are  inserted  into  the  superior  margin  of  the 
succeeding  rib.  The  fibres  of  the  external  muscles  run  forwards,  those 
of  the  internal,  obliquely  backwards :  the  intercostals  serve  to  elevate 
the  ribs.  3.  The  levator  costarum  of  Steno,  the  supercostales  of  Ver- 
heyen,  are  of  two  kinds,  distinguished  from  their  figure  into  short  and 
long.  The  short  muscles  are  twelve  on  each  side  ;  they  arise  from  the 
transverse  processes  of  the  first  eleven  dorsal  vertebrae,  and  of  the  last 
cervical  vertebra,  and  are  inserted  obliquely  into  the  posterior  part  of 
the  ribs.  The  long  muscles  are  three  or  four  in  number ;  their  origin 
is  the  same  from  the  seventh,  eighth,  ninth  and  tenth  vertebrae,  and 
they  are  inserted  into  the  ninth,  tenth,  eleventh  and  twelfth  ribs.  4. 
The  subclavius  arises  from  the  lower  part  of  the  clavicle,  near  the 
acromion,  and  is  inserted  into  the  anterior  part  of  the  first  rib,  and 
into  the  sternum.  The  serratus  posticus  superior  arises  by  a  thin  broad 
tendon  from  the  two  last  cervical  and  the  two  first  dorsal  vertebrae,  and 
is  inserted  into  the  second,  third  and  fourth  ribs.  6.  The  serratus 
major  anticus  is  classed  by  most  authors  among  these  muscles ;  but 
since  the  scapula  is  more  moveable  than  the  ribs,  therefore,  in  my 
opinion,  this  muscle  belongs  more  properly  to  the  scapula.  However, 
I  do  not  deny  that  it  may  assist  in  elevating  the  ribs,  particularly  in 
cases  of  difficult  respiration.  7.  The  scalenus  colU. The  con- 
strictors or  depressors,  not  including  the  muscles  of  the  abdomen  which 
are  of  this  character,  are,  1 .  The  serratus  posticus  inferior ;  this  mus- 
cle arises  by  a  broad  tendon  from  the  three  last  dorsal  and  the  two  first 
lumbar  vertebrae,  and  b  inserted  into  the  four  inferior  false  ribs,  and 
surrounds  the  extensors  of  the  back  in  the  manner  of  a  sheath,  so  as 
to  prevent  their  fibres  from  being  separated  from  each  other  during 
violent  motions.  2.  The  triangularis  stemi,  arises  from  the  lower  and 
inner  part  of  the  sternum,  and  is  inserted  on  each  side  into  the  car- 
tilages of  the  fourth,  fifth,  sixth  and  seventh  true  ribs.  Verheyen 
divides  this  muscle  into  several,  and  calls  them  stemo-costales :  some 
authors,  on  the  other  hand,  deny  its  existence,  but  without  good  reason, 
for  in  general  it  is  very  easily  found.  3.  The  inter-costales  of  Verheyen 
are  seen  when  the  pleura  is  removed ;  there  are  six,  seven,  eight,  or 
nine  of  them  on  each  side ;  they  arise  not  far  from  the  heads  of  the 
ribs,  and  ascending  obhquely,  are  inserted  into  some  one  of  the  supe- 
rior ribs,  sometimes  into  the  rib  immediately  above  their  point  of  origin. 
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sometimes  into  one  of  the  other  ribs.  ...  4.  The  extensor  lumborum 
et  dorsi  communis  concurs  also  in  depressing  the  ribs ;  for  it  arises 
from  the  sacrum,  and  is  inserted  bj  a  number  of  tendons  into  the  pos- 
terior part  of  the  ribs."  (Ibid,,  n.  330.) 

387.  WiNSLOw.  "The  lungs  are  tno  large  spongy  bodies,  of  a 
reddish  color  in  children,  grayish  in  adult  subjects,  and  bluish  in  old 
age,  filling  the  whole  canity  of  the  thorax,  one  being  seated  in  the 
right  side,  the  other  in  the  left ;  parted  by  the  mediastinum  and  the 
heart,  and  of  a  figure  answering  to  that  of  the  cavity  which  contains 
them ;  that  is  to  say,  conyex  next  the  ribs,  concave  next  the  diaphragm, 
and  irregularly  flattened  and  depressed  next  the  mediastinum  and  the 
heart.  When  the  lungs  are  viewed  out  of  the  thorax,  they  in  some 
measure  resemble  an  ox's  foot,  with  the  forepart  turned  to  the  back, 
the  hinder  part  to  the  sternum,  and  the  lower  part  to  the  diaphragm. 
They  are  distinguished  into  the  right  and  left  lung ;  and  each  of  these, 
into  two  or  three  portions  called  lobes,  of  which  the  right  lung  has 
commonly  three,  or  two  and  a  half,  and  the  left  lung,  two.  The  right 
lung  is  generally  larger  than  the  left,  conformably  to  the  right  cavity  of 
the  chest  and  to  the  obliquity  of  the  mediastinum.  At  the  lower  edge 
of  the  left  lung,  there  is  an  indented  notch  or  sinus,  opposite  to  the 
apex  of  the  heart,  which  is,  therefore,  never  covered  by  that  lung, 
even  in  the  strongest  inspirations,  and  consequently,  the  apex  of  the 
heart  and  pericardium  may  always  strike  immediately  against  the  ribs ; 
the  lungs  not  surrounding  the  heart  in  the  manner  commonly  taught. 
This  sinus  is  expressed  in  Eustachius*  TabuUe  Jnatamica,  The  sub- 
stance of  the  lungs  is  almost  all  spongy,  being  made  up  of  an  infinite 
number  of  membranous  cells,  and  of  different  sorts  of  vessels,  spread 
among  the  cells  in  innumerable  ramifications.  This  whole  mass  is 
covered  by  a  membrane  continued  from  each  pleura,  which  is  commonly 
said  to  be  double ;  but  what  is  looked  upon  as  the  inner  membrane,  is 
only  an  expansion  and  continuation  of  a  cellular  substance,  which  shall 
be  adverted  to  presently.  The  vessels  which  compose  part  of  the  sub- 
stance of  the  lungs  are  of  three  or  four  kinds, — air-vessels,  blood- 
vessels, and  lymphatics,  to  which  we  may  add  nerves.  The  air-vessels 
make  the  chief  part,  and  are  termed  bronchia.  These  bronchia  are 
conical  tubes,  composed  of  an  infinite  number  of  cartilaginous  frag- 
ments, like  so  many  irregular  segments  of  circles,  connected  together 
by  a  ligamentary  elastic  membrane,  and  disposed  in  such  a  manner  as 
that  the  lower  easily  insinuate  themselves  within  those  above  them. 
They  are  lined  on  the  inside  by  a  very  fine  membrane,  which  continually 
pours  out  a  mucilaginous  fluid ;  and  in  the  substance  of  the  membrane 
are  a  great  number  of  small  blood-vesseb,  and  on  its  convex  side,  many 
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bngitudinal  lines  which  appear  to  he  partly  fleshy,  and  partly  made  up 
of  an  elastic  suhstance  of  another  kind.  The  bronchia  are  divided  in 
all  directions  into  an  infinite  number  of  ramifications,  which  diminish 
gradually  in  size ;  and  as  they  become  capillary  change  their  cartila- 
ginous structure  into  that  of  membrane.  Besides  the  minute  ex- 
tremities of  this  numerous  series  of  ramifications,  we  find  that  all  the 
subordinate  trunks  firom  the  greatest  to  the  smallest,  send  out  from  all 
sides  a  vast  number  of  short  capillary  tubes  of  the  same  kind.  Each 
of  these  numerous  bronchial  tubes  is  widened  at  the  extremity,  and 
thereby  formed  into  a  small  membranous  cell,  commonly  called  a  yesicle. 
These  cells  or  follicles  are  closely  connected  together  in  bundles ;  each 
small  branch  producing  a  bundle,  proportionable  to  its  extent  and  the 
number  of  its  ramifications.  These  small  vesicular  or  cellular  bundles 
are  termed  lobules,  and  as  the  great  branches  are  divided  into  small 
branches,  so  the  great  lobules  are  divided  into  several  small  lobules. 
The  cells  or  vesicles  of  each  lobule  have  a  free  communication  with  each 
other,  but  the  several  lobules  do  not  communicate  so  readily.  The 
lobules  appear  distinctly  to  be  parted  by  another  cellular  substance, 
which  surrounds  each  of  them  in  their  whole  extent,  and  fills  up  the 
interstices  between  them.  This  substance  forms  Ukewise  a  kind  of 
irregular  membranous  cells,  which  are  thinner,  looser,  and  broader 
than  the  bronchial  vesicles.  It  is  dispersed  through  every  part  of  the 
lungs,  and  forms  cellular  or  spongy  sheaths  which  surround  the  ramifi- 
cations of  the  bronchia  and  blood-vessels,  and  is  afterwards  spread  over 
the  outer  surface  of  each  lung,  where  it  forms  a  kind  of  fine  cellular 
coat,  joined  to  the  general  covering  of  that  viscus.  When  we  inflate 
this  interlobular  substance,  the  air  compresses  and  flattens  the  lobules ; 
and  when  we  inflate  the  bronchial  vesicles,  they  presently  swell,  and  if 
we  continue  to  blow  with  force,  the  air  passes  insensibly  into  the  inter- 
lobular substance.  We  owe  this  observation  to  Helvetius.  All  the 
bronchial  cells  are  surrounded  by  a  very  fine  reticular  texture,  consisting 
of  the  small  extremities  of  arteries  and  veins  which  communicate  every 
way  with  each  other.  The  greatest  part  of  this  admirable  structure  is 
the  discovery  of  the  illustrious  Malpighi.  The  blood-vessels  of  the 
lungs  are  of  two  kinds ;  one  common,  called  the  pulmonary  artery  and 
veins ;  the  other  proper,  called  the  bronchial  arteries  and  veins.  The 
pulmonary  artery  goes  out  from  the  right  ventricle  of  the  heart ;  and 
its  trunk  having  run  almost  directly  upward  as  high  as  the  curvature  of 
the  aorta,  is  divided  into  two  lateral  branches,  one  going  to  the  right, 
called  the  right  pulmonary  artery,  the  other  to  the  left,  called  the  left 
pulmonary  artery.  The  right  artery  passes  under  the  curvature  of  the 
aorta,  and  is  consequently  larger  than  the  left :  they  both  run  to  the 
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lungs,  and  are  dispersed  through  their  whole  suhstance  hj  ramifications 
nearly  hke  those  of  the  bronchia,  and  lying  in  the  same  directions.  The 
pulmonary  veins  having  been  distributed  through  the  lungs  in  the  same 
manner,  go  out  on  each  side,  by  two  great  branches  which  open  late- 
rally into  the  reservoir  or  muscular  bag  of  the  right  auricle.  The  rami- 
fications of  these  two  kinds  of  vesseb  in  the  lungs  are  surrounded 
everywhere  by  the  cellular  substance  already  mentioned,  .  .  .  and  the 
rete  mirabile  of  Malpighi,  described  above,  is  formed  by  the  capillary 
extremities  of  these  vessels.  It  must  be  observed,  that  the  ramifica- 
tions of  the  arteries  are  more  numerous  and  larger  than  those  of  the 
veins,  which  in  all  other  parts  of  the  body  exceed  the  arteries  in  num- 
ber and  size.  Besides  these  capital  blood-vessels  there  are  two  others 
called  the  bronchial  artery  and  vein.  .  .  .  The  existence  of  the  vein  was 
questioned  for  some  time,  but  it  exists  as  really  as  the  artery,  and  may 
be  easily  demonstrated.  These  two  vessels  are  very  small,  appearing 
only  like  fine  arteries  and  veins  coming  from  the  aorta,  vena  cava,  and 
their  branches  :  .  .  .  their  only  use  seems  to  be  that  of  nourishing  the 
lungs.  .  .  .  The  bronchial  arteries  come  sometimes  from  the  anterior 
part  of  the  aorta  descendens  superior,  sometimes  from  the  first  inter- 
costal artery,  and  sometimes  from  one  of  the  oesophageal  arteries. 
They  go  out  towards  each  lung,  sometimes  separately,  sometimes  by  a 
small  common  trunk  which  afterwards  divides  to  the  right  and  left, 
near  the  bifurcation  of  the  trachea,  and  they  follow  the  ramifications  of 
the  bronchia.  The  left  bronchial  artery  comes  pretty  frequently  from 
the  aorta,  and  the  right,  from  the  superior  intercostal  on  the  same  side, 
because  of  the  situation  of  the  aorta.  There  is  likewise  another  which 
arises  from  the  aorta  posteriorly  near  the  superior  intercostal,  and  above 
the  anterior  bronchial.  The  bronchial  artery  gives  off  a  small  branch 
to  the  auricle  of  the  heart  on  the  same  side,  which  branch  communi- 
cates immediately  with  the  coronary  artery.  In  the  year  1719,  I 
observed  a  very  plain  anastomosis  between  some  branches  of  the  left 
pulmonary  vein,  and  of  one  of  the  oesophageal  arteries,  which  came 
from  the  first  left  intercostal,  together  with  a  bronchial  artery  of  the 
same  side.  I  also  observed  an  anastomosis  between  the  left  bronchial 
artery  and  the  vena  azygos  ;  and  in  April,  1721,  I  saw  an  anastomosis 
between  a  branch  of  this  artery,  and  the  body  of  the  just-mentioned 
vein.  Sometimes  one  bronchial  artery  gives  off  several  of  the  superior 
intercostals ;  sometimes  several  bronchial  arteries  send  off  separately 
the  same  number  of  intercostab.  The  bronchial  veins  as  well  as  arteries 
were  known  to  Galen.  These  veins  are  sometimes  branches  of  the 
azygos,  coming  from  the  upper  part  of  the  curvature  or  arch.  The 
lefl  vein  is  sometimes  a  branch  of  the  common  trunk  of  the  intercostals 
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of  the  same  side ;  and  sometimes  both  veins  are  branches  of  the  guttural 
Tein.  The  lungs  have  a  great  many  nerves  distributed  through  them^ 
by  filaments  which  accompany  the  ramifications  of  the  bronchia  and 
blood-vessels,  and  are  spread  on  the  cells,  coats,  and  all  the  membran- 
ous parts  of  the  lungs.  The  middle  and  great  sympathetic  nerves, 
commonly  called  the  nerves  of  the  eighth  pair,  and  the  intercostals, 
form  behind  each  lung  a  particular  intertexture,  called  the  pulmonary 
plexus,  ^m  which  nervous  filaments  go  out  to  communicate  with  the 
cardiac  and  stomachic  plexuses.  On  the  surfiice  of  the  human  lungs, 
between  the  external  and  cellular  coats,  we  observe  something  resem- 
bling lymphatics ;  but  we  ought  to  take  care  not  to  mistake  for  such 
vessels  a  transparent  reticular  substance  observable  on  the  surface  of 
the  lungs  after  blowing  strongly  into  the  lobules  :  this  appearance  being 
entirely  owing  to  the  air  which  passes  through  the  bronchial  vesicles 
into  the  interlobular  cells,  and  which,  by  separating  a  certain  number 
of  lobules,  finds  room  to  lodge  between  them.  The  true  lymphatic 
vessels  of  the  lungs  are  most  visible  in  brutes.  .  .  .  Under  the  root  of 
each  lung,  that  is,  under  that  part  formed  by  the  subordinate  trunk  of 
the  pulmonary  artery,  by  the  trunks  of  the  pulmonary  veins,  and  by 
the  trunk  of  the  bronchia,  there  is  a  pretty  broad  membranous  liga^ 
ment,  which  ties  the  posterior  edge  of  each  lung  to  the  lateral  parts  of 
the  vertebrae  of  the  back,  from  that  root  all  the  way  to  the  diaphragm. 
(Ea>p,  Jnat,,  Tr,  de  la  Poitrine,  n.  94 — 126.)  The  vessels  of  the  lungs 
are  commonly  disposed  throughout  in  such  a  manner,  that  a  subordinate 
trunk  or  branch  of  the  bronchia  lies  between  the  like  trunks  or  branches 
of  the  pulmonary  artery  and  vein;  the  bronchial  vessels,  however, 
being  inmiediately  joined  to  the  bronchia.  In  some  places  these  three 
kinds  of  vessels  touch  each  other,  so  as  to  leave  a  triangular  space  in 
the  middle.  The  bronchia  are  divided  into  a  very  great  number  of 
ramifications ;  and  the  last  branches  become  pedicles  to  the  small 
lobules.  The  lobules  are  always  angular,  oblong,  broad,  straight,  &c. 
The  pedicles  send  forth  other  small  membranous  pedicles,  which  are 
very  short,  and  terminate  in  the  bronchial  vesicles  or  cells.  The  sub- 
ordinate trunks  and  branches  detach  a  great  number  of  these  pedicles 
from  their  convex  surface.  When  we  inflate  the  lungs,  the  bronchial 
cells  nearest  their  outer  surface  appear  like  small  masses  of  round 
vesicles ;  and  from  this  appearance  they  have  all  got  the  name  of  vesi- 
cles, though  they  are  all  angular,  except  those  which  I  have  now  men- 
tioned. When  we  examine  a  lung  without  inflation,  we  find  that  the 
cartilaginous  segments  of  the  bronchia  lie  so  near  as  to  be  impHcated  in 
each  other ;  and  in  drawing  out  any  portion  of  the  bronchia  by  the  two 
ends,  these  segments  are  parted,  and  the  whole  canal  is  increased  in 
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length ;  but  it  contracts  again  by  means  of  its  elastic  membrane  as 
soon  as  the  force  is  taken  off.  When  we  open  lengthwise  any  portion 
of  the  pulmonary  artery  and  yein  in  the  same  lung,  we  meet  with  a 
great  number  of  transverse  rugse,  which  are  obliterated  when  these 
vessels  are  elongated.  This  is  an  observation  made  by  Helvetius.  .  .  . 
These  three  vessels  [the  bronchia  and  the  pulmonary  arteries  and  veins] 
lie  in  a  sort  of  cellular  sheath,  which  accompanies  all  their  ramifications, 
and  is  a  continuation  of  the  interlobular  cells,  or  cellular  substance  in 
the  interstices  of  the  lobules.  The  peUicles  which  compose  it  are, 
however,  disposed  there  in  a  more  regular  manner,  and  more  longi- 
tudinally than  in  other  places,  and  thereby  appear  to  form  a  true  sheath. 
When  we  blow  through  a  pipe  introduced  so  far  as  to  touch  immediately 
a  trunk  of  the  blood-vessels  or  bronchia,  the  air  runs  at  first  through 
all  the  cells  that  lie  nearest  that  trunk  or  its  branches ;  but  if  we  con- 
tinue to  blow,  it  insinuates  itself  through  the  whole  interlobular  tissue. 
...  As  the  bronchia  penetrate  into  the  substance  of  the  lungs,  they 
gradually  lose  their  cartilages ;  but  the  muscular  lines  or  columns  of 
Morgagni  appear  as  much,  and  sometimes  more,  than  before.  The 
two  planes  above  mentioned  continue  likewise  to  be  visible ;  and  we 
may  observe  very  distinctly,  sometimes  even  without  a  microscope,  a 
great  many  small  holes  in  the  pedicles  of  the  lobules,  and  of  the  bron- 
chial cells,  that  is,  of  the  vesicles  that  immediately  surround  the  bronchia, 
which  holes  open  from  within  outwards."  (Ibid,,  n.  135 — 148.) 

388.  Malpighi.  "  I  have  discovered  by  careftd  examination,  that 
the  whole  mass  of  the  lungs,  which  is  appended  to  the  outgoing  [excur- 
rentibus]  vessels,  is  an  aggregation  of  very  fine  thin  membranes,  ex- 
tended and  folded  into  almost  an  infinite  number  of  orbicular  and 
sinuous  vesicles,  as  the  wax  in  honeycombs  is  extended  into  sides  and 
surfaces,  so  as  to  form  cells.  These  vesicles  are  so  placed,  and  so  con- 
nected,  that  they  communicate  freely  with  the  trachea  as  well  as  with 
each  other,  and  terminate  at  last  under  the  containing  membrane.  This 
may  be  demonstrated  in  lungs  just  torn  from  animals  and  full  of  air, 
when  almost  an  infinite  number  of  vesicles,  fiill  of  air,  will  be  seen  on 
the  external  surface ;  and  similar  vesicles  may  also  be  observed  when  a 
section  of  the  lungs  is  made  through  the  middle,  and  the  air  let  out ; 
although  in  this  case  the  vesicles  are  smaller  and  less  conspicuous. 
They  are  better  and  more  clearly  found  in  a  lung  that  has  been  inflated 
and  dried ;  for  we  then  see  little  round  protuberances  on  the  external 
surface,  and  wherever  a  section  is  made,  we  find  holes  or  pits,  and 
sinuous  channels  and  ramifications  formed  by  the  extension  of  a  thin 
membrane.  But  to  remove  all  doubt,  you  should  tear  the  lungs  from  a 
hving  animal,  and  injecting  water  through  the  pulmonary  artery,  drive 
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out  the  whole  of  the  blood,  and  wash  the  pulmonary  vessels ;  whereby 
jou  will  immediately  whiten  and  render  transparent  all  that  part  of  the 
substance  of  the  lung  where  the  water  has  penetrated,  and  from  which 
the  blood  has  been  removed.  If  now  you  slightly  compress  the  lung, 
so  as  to  drive  out  the  water,  and  then  inflate  the  lung  through  the 
trachea,  and  when  blown  up,  dry  it  either  in  the  shade  or  the  sun,  you 
will  find  not  only  that  it  shews  these  transparent  spherules  externally, 
when  held  up  to  the  light,  but  that  it  plainly  exhibits  a  white 
mass  of  vesicles  when  a  section  is  made  internally.  .  .  .  Here  one  point 
presents  itself  for  investigation ;  when  a  small  piece  of  the  external 
substance  of  the  lungs  is  held  up  against  the  Ught,  we  see  a  singular 
network  or  rete  mirabile,  by  which  you  would  say  that  the  rising  and 
protuberant  vesicles  are  all  bound  and  held  together ;  and  the  same  rete 
is  observed  in  the  interiors  of  the  lungs  when  a  section  is  made,  al- 
though in  this  case  less  distinctly.  I  am  in  doubt  whether  this  rete 
be  vascular;  whether  it  be  a  nervous  substance  extending  to  the 
vesicles ;  or  whether  it  consist  only  of  the  membranous  parietes  of  the 
vesicles,  terminating  at  the  external  investing  membrane.  ...  I  think 
it  not  unUkely  that  it  is  a  nervous  ligament,  united  to  and  intermingled 
with  the  parietes  of  the  vesicles,  [connecting  them]  in  the  same  manner 
as  we  see  the  cartilaginous  semicircles  are  connected  in  the  trachea ; 
particularly  since  there  is  reason  to  suppose  that  the  vesicles  are  pro- 
ductions of  the  internal  membrane  of  the  trachea. 

**  The  division  of  the  pulmonary  mass  generally  is  taken  from  its 
figure  and  situation  :  thus  it  consists  of  two  parts,  separated  from  each 
other  by  the  mediastinum ;  and  each  of  these  again  is  frequently  sub- 
divided into  two  lobes,  in  the  human  subject  particularly ;  but  in  ani- 
mals, into  a  greater  number  of  lobes.  I  have  also  observed  a  more 
intimate  and  remarkable  division  than  the  above, — namely,  that  the 
masses  of  the  lungs  are  made  up  of  innumerable  lobules  or  Uttle  lobes, 
each  surrounded  by  its  own  membrane,  furnished  with  common  vessels, 
and  growing  to  the  ramifications  of  the  trachea.  These  lobules  may 
be  demonstrated,  if  a  partially-inflated  lung  is  held  up  to  the  sun,  or  to 
the  light ;  in  which  case  we  shall  see  certain  transparent  interstices, 
and  by  following  these  interstices,  and  occasionally  using  the  knife,  we 
shall  obtain  the  lobules  in  a  separate  form,  adherent  on  both  sides  to 
the  trachea  and  to  the  vessels. .  .  .  The  figure  and  position  of  the  lo- 
bules vary  according  to  circumstances  ;  for  since  the  trachea  with  the 
vessels  appended  to  it  ramifies  on  all  sides  like  a  tree,  and  its  ramifica- 
tions terminate  at  one  time  upon  the  external  surface  of  the  lungs, 
which  requires  to  be  flat  and  even ;  at  another  time,  in  their  angular 
extremities ;  again,  since  the  ramifications  must  be  fitly  connected  to 
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the  contiguous  and  surrounding  ramifications^  so  as  to  preserve  their 
proper  position,  connexion,  equable  capacity  and  proportionable  inter- 
stices,— ^therefore  the  lobules  are  placed  variously,  being  in  some  in- 
stances united  to  the  trachea  by  their  bases ;  in  others,  by  their  sides  ; 
in  others  again,  by  their  apices.  We  see  an  external  simihtude  to  these 
processes  in  the  fruit  of  the  cypress  tree.  .  .  . 

"  After  the  lobules  we  come  to  the  interstices  mentioned  above,  but 
which  are  not  always  mere  cavities,  or  circumscribed  empty  spaces ; 
but  many  of  them  contain  membranes,  sometimes  parallel  to  each  other, 
sometimes  lying  at  different  angles;  which  membranes  proceed  not 
only  from  the  external  surface  of  the  lobules  placed  laterally,  but  also 
from  their  internal  substance.  Between  these  membranes  run  a  vast 
number  of  most  minute  vessels,  coming  from  the  lobules,  and  which  go 
to  the  opposite  lobules.  The  air  is  received  and  thrown  out  by  these 
membranes,  as  it  were  by  large  intercommunicating  cavities,  and  hence 
it  may  be  squeezed  from  one  into  another  ;  which  shews  that  the  inter- 
stices themselves  consist  of  the  membranous  vesicles  of  the  lungs,  but 
which  are  here  transparent  and  very  thin.  .  .  . 

"  Afler  injecting  ink  [aquam  nigram]  through  the  pulmonary  artery, 
I  have  frequently  seen  it  escape  from  many  parts;  thus,  on  shght 
compression,  it  exudes  in  part  from  the  investing  membrane,  and  col- 
lects in  part  in  the  interstices,  but  the  greater  portion  comes  out  mixed 
with  blood  through  the  pulmonary  vein ;  and  what  is  remarkable,  it 
issues  in  a  diluted  state  and  of  a  hghter  color  through  the  trachea, 
accompanied  with  a  thin  froth ;  this  takes  place  every  time  the  lungs 
are  squeezed.  When  the  same  lung  is  dried,  all  the  parietes  of  the 
vesicles  and  cavities  are  found  to  be  blackened.  Something  of  the  same 
kind  appears  to  take  place  when  mercury  is  injected ;  thus  after  the 
pulmonary  artery  is  filled,  the  mercury  runs  to  the  most  external  bifur- 
cated ramifications,  and  if  these  are  sUghtly  compressed,  it  exudes  from 
the  external  membrane,  and  sometimes  makes  its  way  into  the  inter- 
stices, so  that  almost  the  whole  of  it  collects  therein.  .  .  . 

"The  lungs  of  fishes  are  in  the  form  of  gilb  or  branchiae:  these 
branchiae  are  made  up  of  several  semicircles  beset  with  radii,  and  lying 
one  upon  another.  The  pulmonary  vessels,  by  their  minute  ramifica- 
tions, run  all  the  way  to  the  apices  of  the  radii,  which  are  so  disposed  as 
on  every  side  to  receive  the  water,  the  consistence  of  which  is  greater 
than  that  of  air ;  thus  when  the  water  is  forcibly  compressed  by  the  os- 
seous covering,  it  so  narrows  and  contracts  the  radii,  that  a  sufficient 
commixtion  and  motion  is  produced  in  the  ramifications  of  the  vessels, 
and  in  the  humors  that  they  contain.  Furthermore,  inasmuch  as  mucus 
may  be  always  rubbed  from  the  gills  with  the  greatest  ease,  it  is  not 
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inconsistent  to  suppose,  that  what  in  other  animals  goes  out  by  the 
kidneys  and  the  skin,  is  thrown  off  in  fishes  by  this  compression.  (De 
Pulmonibus  EpUtola  i.) 

389.  ''When  the  abdomen  of  a  frog  is  opened  lengthwise,  the 
lungs  come  in  view,  adherent  to  the  heart  on  both  sides.  They  do  not 
immediately  become  flaccid  as  in  other  living  creatures,  but  continue 
tense  at  the  will  of  the  animal.  The  frog's  lungs  are  nothing  more 
than  a  membranous  bladder,  which  at  first  sight  appears  to  be  sprinkled 
over  with  minute  spots,  set  in  rows,  like  the  spots  upon  shagreen. 
In  its  figure  and  external  protuberances  each  lung  resembles  a  pine 
cone.  It  is  held  together  within  and  without  by  a  tissue  of  vessels,  ra- 
mifying in  various  ways,  and  which,  judging  from  their  pulse,  their  con- 
trary motions,  and  their  insertions,  are  the  pulmonary  veins  and  ar- 
teries. In  its  hollow  or  internal  part  it  consists  almost  entirely  of  an 
empty  space,  intended  for  the  reception  of  the  air ;  nevertheless,  it  is  not 
smooth  all  over,  but  interrupted  by  various  channels,  which  are  formed 
of  the  membranous  parietes  carried  up  to  some  Uttie  height.  These 
channels,  however,  are  not  all  of  the  same  figure,  for  sometimes 
the  parietes  are  elongated,  widened  and  connected,  so  as  to  form 
nearly  hexagonal  cavities.  At  the  comers  of  the  cavities,  when  the 
membrane  is  a  httle  inflected  and  extended,  a  kind  of  infundibulum  is 
formed.  Such  is  the  constitution  of  the  lungs  in  the  lesser  frogs.  .  .  . 
The  blood,  driven  by  the  heart's  impulse,  rains  down  in  the  manner  of 
a  vapor  or  effluvium  into  the  minutest  parts  [per  modum  effluvii  in 
minima  depluit],  running  through  the  arteries  into  all  the  cells,  by  one 
or  another  of  the  considerable  branches  that  pass  through  them,  or 
terminate  therein ;  and  thus  divided  and  subdivided,  it  puts  off  its  red 
color,  and  following  a  sinuous  and  circuitous  course,  is  scattered  on  all 
sides,  until  it  reaches  the  parietes  and  angles  [of  the  cells],  and  the  re- 
absorbent  branches  of  the  veins.  .  .  .  Under  the  microscope,  the  above- 
mentioned  spots  no  longer  appear  like  the  spots  upon  shagreen,  but  as 
impHcated  circles  of  vessels. ...  In  the  oblong  lung  of  the  tortoise,  which 
like  that  of  the  frog  is  membranous  and  transparent,  it  was  very  evident 
that  the  blood  ran  in  a  divided  state  through  the  tortuous  vessels,  and 
was  not  effused  into  the  intervening  spaces  ;  in  a  word,  that  it  always 
passed  through  Httie  tubes,  and  was  thrown  about  in  a  complex  interlace- 
ment [flexu]  of  vessels. . .  When  a  ligature  is  put  upon  the  [frog's]  auricle 
and  heart,  and  the  motion  and  impulse  prevented  that  might  otherwise 
be  communicated  by  the  heart  to  the  vessels,  still  the  blood  is  sent  by 
the  veins  towards  the  heart,  so  as  by  its  force  and  quantity  to  distend  the 
vessels  ;  and  this  lasts  for  several  hours  :  but  at  length,  especially  if  the 
parts  be  exposed  to  the  rays  of  the  sun,  the  blood  ceases  to  be  actuated 
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with  the  same  continuous  motion,  and  fluctuates,  as  if  impelled  fits, 
going  backwards  and  forwards  the  same  way ;  which  will  occur  even 
when  the  heart  and  auricle  are  torn  off. — From  certain  circumstances  .  . 
we  may  infer,  that  the  rete  which  I  before  supposed  to  be  a  nervous 
ligament,  intermingled  with  the  vesicles  and  cavities,  serves  rather  as  an 
afferent  and  efferent  vessel  for  the  mass  of  the  blood."  (De  Ftd- 
mombus  EpUtola  ii.) 

390.  MoRGAGNi.  "  The  lung  of  the  viper  is  simple,  that  is  to 
say,  it  consists  of  one  oblong  lobe,  evidently  constructed  in  the  first 
place  of  innumerable  little  bladders  or  vesicles,  opening  all  over  it  like 
the  cells  of  a  honeycomb  ;  in  the  second  place,  of  one  large  continuous 
bladder.  (Advers.  Anat,  v.,  Anim.  29.)  In  a  lamb,  the  artery  was 
beneath  the  left  bronchium,  the  vein  above  it ;  on  the  right  side,  on  the 
contrary,  the  artery  was  above,  the  vein  beneath  ;  but  in  such  a  manner 
that  neither  bronchium  was  exactly  intermediate  between  the  two  ves- 
sels. This  will  be  more  clearly  seen  from  what  I  am  about  to  state 
respecting  the  human  lung ;  previous  to  which  I  ought  to  apprize  the 
reader,  that  even  when  speaking  of  the  lamb,  I  have  considered  the  part 
nearest  to  the  head  as  above  or  superior ;  that  nearest  to  the  belly  as 
below  or  inferior.  In  one  human  subject,  then,  the  vein  on  both  sides 
was  above  the  bronchium ;  but  the  artery,  although  under  the  vein, 
was  not  under  the  bronchium ;  but  it  was  appHed  to  the  latter  behind. 
In  a  second  subject,  the  artery  on  both  sides  was  anterior,  the  bron- 
chium posterior,  the  vein  intermediate ;  and  the  artery  was  superior 
with  relation  to  the  bronchium,  the  vein  inferior.  In  a  third  subject, 
which  I  examined  carefully  only  on  one  side,  both  the  vein  and  artery 
were  above  the  bronchium  at  the  upper  part  of  the  lung ;  but  at  the 
lower  part  the  vein  was  under  the  bronchium,  the  artery  on  a  level 
with  it :  again,  in  the  middle,  both  the  vein  and  artery  were  level  with 
the  bronchium ;  but  the  vein  was  in  front,  the  artery  behind,  and  the 
bronchium  in  the  middle.  (Ibid,,  Anim.  30.)  Both  the  branches  of 
the  first  bronchia,  all  the  way  to  the  lungs,  are  made  up  of  imperfect 
rings,  in  the  same  manner  as  [the  trachea].  (Ibid.,  Anim.  31.)  I 
have  myself  observed  that  a  considerable  space  is  left  between  the  pa- 
rietes  of  the  chest  and  the  lungs  in  inspiration,  and  much  more  in 
expiration.  .  .  .  Although  I  have  blown  into  the  bronchia,  and  perse- 
vered until  a  great  qiumtity  of  air  was  sent  in,  yet  I  have  never  been 
able  to  observe  that  the  interstices  were  dilated,  but  on  the  contrary, 
that  by  reason  of  the  distention  of  the  lobules,  they  were  compressed 
and  much  diminished.  But  when  air  was  sent  into  one  of  the  in- 
terstices through  an  artificial  opening,  both  it  and  many  of  the 
adjoining  interstices  were  distended.     Again,  when  a  knife  vms  passed 
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through  the  middle  of  the  mterstices,  so  as  to  divide  the  lobules  from 
each  other,  and  the  flame  of  a  taper  was  held  to  the  divided  parts,  and 
the  air  driven  frequently  and  forcibly  through  the  bronchium,  (to  shew 
whether  the  flame  by  its  agitation  would  afford  evidence  of  the  air  pass- 
ing into  the  cavities  of  the  interstices,)  in  this  case,  although  we  always 
saw  the  lobules  dilated,  in  no  instance  was  the  flame  ever  so  slightly 
disturbed  or  shaken."  (Ibid.,  Anim.  33.) 

391.  SwAMMERDAM.  "  The  ramifications  of  the  trachca  Constitute 
the  principal  part  of  the  louse ;  they  exist  in  immense  numbers  in  the 
head,  breast,  belly,  and  legs,  and  even  in  the  antennae  or  horns :  .  .  . 
these  are  the  white  vessels  that  are  seen  through  the  transparent  body 
in  different  parts.  What  makes  them  shine  through  the  skin,  is,  that 
they  are  of  the  color  of  silver,  or  bright  mother-of-pearl ;  and  they 
constantly  keep  this  color,  even  after  they  are  removed  from  the  body, 
for  their  structure  is  such  that  they  never  collapse.  .  .  .  One  part  of 
them  is  composed  of  rings,  which  resemble  the  cartilages  of  the  trachea 
in  man.  It  appears  very  distinctly  by  the  microscope,  that  these  rings 
often  bend  themselves  round,  so  as  to  form  a  cavity  and  open  pipe ; .  .  . 
they  are  also  much  curled  and  twisted,  as  it  were  in  a  serpentine  man- 
ner, and  seem  here  and  there  to  be  interrupted.  "Where  the  trachea 
divides  into  branches,  these  rings  are  largest.  .  .  .  The  orifices  of  the 
fourteen  pulmonary  pipes  are  seen  in  the  outer  skin ;  one  on  either 
side  of  the  breast,  and  six  on  either  side  on  the  margins  of  the  abdo- 
men; .  .  .  These  orifices  are  the  respiratory  points.  ...  In  the  belly 
these  points  are  somewhat  prominent,  like  little  papillsB,  and  in  their 
circumference  seem  to  have  a  slight  rim  or  border.  From  every  respi- 
ratory point  there  runs  a  branch  of  the  trachea,  which  soon  anasto- 
moses with  some  other  branch  proceeding  from  another  point,  and  both 
close  into  one  canal ;  ...  so  that  the  air  which  is  drawn  into  the  body 
by  one  respiratory  point,  may  be  conveyed  through  the  whole.  .  .  .  The 
pulmonary  pipes  may  not  only  be  discovered  in  the  head,  breast,  and 
abdomen,  but  they  extend  also  into  the  intestines,  the  ovary,  the 
spinal  marrow,  the  brain,  and,  in  fine,  into  all  the  internal  parts  of  the 
body.  All  these  things  I  have  distinctly  seen.  (Biblia  Natura,  p.  71, 
72,  73  ;  and  tab.  i.,  fig.  4,  7,  8.) 

"  The  verge  or  border  that  surrounds  the  whole  body  of  the  covered 
snail  ...  is  connected  very  closely  to  the  margin  of  the  shell,  both 
internally  and  externally.  It  is  provided  with  a  great  number  of  mus- 
cles ;  .  .  .  and  hence  its  true  figure  cannot  be  determined,  for  it  is  con- 
tinually contracting,  expanding,  and  changing  shape.  Where  it  is 
connected  to  the  upper  part  of  the  snail's  body,  it  exhibits  two  singular 
incisions,  like  two  little  tongues ;  and  underneath  the  right  side  of  the 
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belly  it  has  a  remarkable  aperture,  which  serves  to  take  in  air :  and 
another  besides,  through  which  the  fseces  are  voided.  .  .  .  The  heart 
and  its  veins  are  continually  refreshed  and  refrigerated  by  the  air, 
which  the  snail  impels  thither  through  the  aperture  of  its  verge  :  for  as 
the  smdl  rolls  its  body  out  of  the  shell,  so  in  proportion  it  drives  the 
air  into  the  cavity  of  its  verge ;  and  again,  in  proportion  as  it  draws  its 
body  back,  in  the  same  proportion  it  expresses  the  air  from  thence.  .  . 
When  the  snail,  after  having  crept  out  of  the  shell,  is  put  into  water, 
the  air  which  it  has  drawn  into  the  cavity  of  the  verge  makes  it  swim 
on  the  surface ;  but  when  it  is  again  within  its  stony  skin,  and  the 
cavity  of  the  verge  is  closed  or  compressed,  it  then  sinks  to  the 
bottom  if  placed  in  water.  But  if  the  snail,  as  it  hes  in  the  water, 
creeps  again  from  its  covering,  the  cavity  of  the  verge  is  immediately 
filled  by  the  water  rushing  into  it,  which  then  does  the  business  of  the 
air,  that  under  ordinary  circumstances  would  have  been  impelled 
thither.  Hence  it  happens,  that  by  a  new  kind  of  respiration,  this 
water  moves  sometimes  within,  and  sometimes  without  the  shell,  ac- 
cording as  the  snail  rolls  its  body  out  or  draws  it  inwards."  (Ibid,, 
p.  Ill,  112,  113;  tab.  iv.,  fig.  I,  e.  ff. ;  tab.  v.,  fig.  4,  5,  b,)  The 
author  also  makes  mention  of  '' various  cavities  in  which  the  air  is 
moved,"  near  the  vena  cava  and  the  heart.  (Ibid,,  p.  118.) 

"  In  the  hemerobios  or  ephemerus,  the  trachea,  pulmonary  pipe  or 
aspera  arteria  .  .  .  consists  of  two  principal  trunks,  which  are  disposed 
on  each  side  of  the  body  in  a  serpentine  manner,  and  distributed 
throughout  the  breast,  head,  belly,  legs,  and  wings.  .  .  .  These  tubes 
consist  of  innumerable  Httle  rigid  and  curled  parts,  like  twisted  or 
spiral  rings,  so  closely  connected  to  each  other  by  means  of  delicate 
membranes,  that  they  can  easily  retain  and  convey  the  air.  .  .  .  When 
the  silk-worm  casts  its  skin,  some  hundreds  of  pulmonary  pipes  in  the 
inside  of  its  body  cast  their  tender  little  skins,  which  are  entirely  com- 
posed of  such  twisted  rings.  The  color  of  these  pulmonary  pipes  is 
like  that  of  mother-of-pearl,  but  somewhat  inclining  to  gray.  .  .  .  They 
are  distributed  in  the  head  towards  the  nerves  and  brain  ;  in  the  thorax, 
to  the  muscles  of  the  feet  and  wings  ;  in  the  abdomen,  to  the  obUquely 
ascending  and  straight  muscles;  also  to  the  spinal  marrow;  to  the 
lactes  or  seminal  vesicles  of  the  male ;  to  the  hairy  branchise  or  gills ;  to 
the  stomach,  the  intestines,  the  skin,  and  the  coat  of  the  wings ;  to  the 
ovary  and  the  coat  covering  the  ovary ;  to  the  eggs  themselves  ;  and  even 
to  the  heart.  .  .  .  The  nearer  these  two  tubes  approach  to  the  head,  the 
smaller  they  become.  .  .  .  Their  little  apertures  or  entrances  lie  under- 
neath in  the  side  of  the  breast.  ...  In  order  to  discover  whether  there 
is  really  any  air  in  these  vessels,  they  must  be  put  into  a  little  drop  of 
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water^  and  pressed  with  the  point  of  a  needle,  when  the  enclosed  air 
will  immedif^ly  shew  itself.  When  these  insects  are  dissected  under 
water,  and  some  of  the  pulmonary  pipes  cut  off,  the  latter  immediately 
rise  to  the  surface.  ...  A  great  number  of  them  are  distributed  to  the 
tremulous  branchiae  or  gills.  (Ibid.,  p.  249,  250,  251,  252;  tab.  xiy., 

fig.  1.) 

**  In  the  rhinoceros  beetle,  the  ten  respiratory  points  (five  of  which 
lie  on  each  side  of  the  body)  are  covered  by  the  cases  or  sheaths  of  the 
wings,  except  when  the  beetle  is  flying,  at  which  time  the  sheaths  of 
the  wings  are  lifted  up,  and  remain  elevated  without  motion ;  so  that 
these  points  are  then  uncovered ;  apparently  in  order  that  the  beetle 
may  the  more  freely  draw  breath,  fill  its  pneumatic  bladders  with  air, 
and  thus  make  itself  lighter  for  flying.  Besides  the  above,  there  are 
also  three  other  respiratory  points  on  each  side  of  the  body.  ...  In  the 
worm  the  pulmonary  pipes  resemble  branches  of  trees  without  leaves ; 
in  the  beetie  they  resemble  a  tree  expanding  with  leafy  branches ;  .  .  . 
with  this  difference,  however,  that  the  leaves  of  trees  have  a  plane  and 
smooth  surface,  whereas  these  bladders  or  vesicles  in  the  beetle  are 
hollow,  turgid,  expanded  to  an  elliptical  figure,  and  somewhat  swelled 
or  blown  up  by  the  force  of  the  air  impelled  into  them.  .  .  .  From  the 
apices  of  these  vesicles  .  .  .  other  pipes  break  out  laterally,  which  after 
again  dilating  into  vesicles,  in  their  turn  form  air  branches,  vesicles, 
and  pipes.  ...  It  is  likewise  observed  that  many  tubes  occasionally 
arise  from  one  vesicle.  .  .  .  The  Httle  branches  of  the  trachea  consist  of 
contorted  and  spiral  parts,  like  rings  of  silver  wire  twisted  round  a 
cylinder.  The  pipes  consist  of  a  mixed  homy  and  bony  pellucid 
matter.  They  are  likewise  lined  on  the  inside  by  very  delicate  mem- 
branes; but  where  they  dilate  into  vesicles,  they  are  entirely  mem- 
branous, and  when  viewed  with  a  powerful  microscope,  they  are 
observed  to  be  planted  over  with  innumerable  minute  bullulse.  (Ibid,, 
p.  335,  338,  339,  340 ;  tab.  xxix.,  fig.  5,  9,  10;  tab.  xxx.,  fig.  1.) 

"  The  structure  of  the  wings  of  the  gnat  is  exceedingly  beautiful ; 
they  consist  partly  of  pulmonary  pipes,  and  partly  of  delicate  and 
transparent  membranes.  They  are  of  an  oblong  form,  and  of  a  glassy 
color,  but  darkened  or  shaded  by  a  great  number  of  scaly,  rhomboidal 
feathers.  The  pulmonary  pipes  run  through  them  like  so  many  veins 
and  nerves.  The  feathers  are  fixed  upon  the  pipes ;  and  this  construc- 
tion prevails  throughout  the  wings.  (Ibid.,  p.  359,  360,  tab.  xxxii., 
fig.  3.) 

"The  respiratory  points  of  the  bee-worm  are  twenty  in  number, 
ten  on  each  side  of  the  body.  .  .  .  The  twenty  pulmonary  pipes  arising 
from  them  are  carried  inwards  into  the  body,  and  all  communicate  with 
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one  another :  a  kind  of  little  tube  runs  along  from  point  to  point,  so 
that  the  anastomosis  is  propagated  through  the  whole  body.  Thej  all 
consist  as  it  were  of  curled  rings,  twisted  together  in  the  closest  man- 
ner, and  connected  by  the  finest  filaments  and  membranes.  .  .  .  Where 
they  divide  into  branches,  they  are  joined  together  by  means  of  the 
lengthening,  abbreviatrng,  and  curving  of  the  rings.  .  .  .  The  brain,  the 
nerves,  and  even  the  eyes,  as  well  as  the  whole  body,  are  furnished 
with  them.  (Ibid.,  p.  410,  411 ;  tab.  xxiv.,  fig.  1,  2,  3.) 

"  The  lungs  of  the  common  bee  are  two  white  and  transparent  vesi- 
cles, formed  by  the  running  together  and  dilatation  of  the  pulmonary 
pipes ;  but  they  are  entirely  membranous,  and  collapse  when  the  air 
is  out  of  them ;  which  is  by  no  means  the  case  with  the  tubes  that 
proceed  from  them,  inasmuch  as  the  latter,  consisting  of  rings  curled 
round,  remain  always  open.  The  lungs,  formed  in  the  manner  above- 
mentioned,  terminate  again  in  little  annular  tubes ;  these  enlarge  again 
into  vesicles,  and  the  vesicles  in  their  turn  contract  into  little  tubes.  . . . 
The  lungs,  by  the  intervention  of  the  little  tubes  which  they  send  out, 
communicate  everywhere  with  themselves  by  mutual  anastomoses.  (Ibid.^ 
p.  452,  453 ;  tab.  xvii.,  fig.  9.) 

"  In  the  caterpillar  of  the  day-butterfly,  the  pulmonary  pipes  arise 
from  three  remarkable  pairs  of  branches,  which  are  seen  on  each  side 
in  the  breast,  belly,  and  tail  of  the  caterpillar.  They  communicate 
with  each  other  at  every  one  of  the  respiratory  points ;  .  .  .  and  thence 
spread  themselves  all  over  the  body  :  so  that  there  is  no  part  thereof, 
not  even  its  homy  substance,  that  is  not  furnished  with  them."  (Ibid., 
p.  577.)  Respecting  the  pulmonary  pipes  of  the  worm  from  which 
the  gad-fly  is  produced,  see  Ibid.,  p.  662,  663 ;  tab.  xl.,  fig.  1,  2 :  and 
of  the  acarus  or  mite.  Ibid.,  p.  697>  698  ;  tab.  xliii.,  fig.  2. 

The  lungs  of  the  frog. — ''  Malpighi,  Needham  and  others  affirm, 
that  the  frog  has  visible  lungs,  and  performs  respiration.  .  .  .  They 
have  also  observed  branchiae  or  gills  in  fish,  answering  the  purpose  of 
lungs,  and  all  the  blood  in  the  body  circulating  through  them.  .  .  . 
Toads,  water  newts,  lizards,  chameleons,  tortoises,  serpents,  &c.,  are 
provided  with  membranous  lungs.  .  .  .  The  frog  has  no  lacteal  veins ; 
and  for  that  reason,  its  chyle  must  necessarily  enter  its  numberless 
mesaraic  veins,  and  be  thus  conveyed  through  the  vena  portse  to  the 
liver.  .  .  .  The  heart  of  the  frog,  like  the  hearts  of  fish,  has  only  one 
ventricle,  with  one  artery  issuing  from  it,  .  .  .  which  soon  divides  into 
two  trunks.  .  .  .  Each  of  these  trunks  is  something  like  a  subclavian, 
and  immediately  divides  into  three  principal  branches.  The  first  of 
these,  which  is  the  least,  goes  on  each  side  to  the  lungs ;  .  .  .  and  in 
ks  course  divides  commonly  into  three  little  branches,  and  then  pro- 
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ceeding  outwards  to  the  coat  that  surrounds  the  lungs,  fqrms  thereon  a 
truly  wonderful  Tascular  network.  From  thence  the  branches  also  pass 
down  by  very  small  shoots  into  the  irregular  internal  vesicles  of  the 
lungs,  among  which  the  pulmonary  vein  is  diffused,  and  with  the  latter 
they  form  a  remarkable  anastomosis.  .  .  .  Out  of  the  pulmonary  arteries 
Hkewise  proceed  two  small  branches  on  each  side,  which  turn  upwards, 
and  are  distributed  through  the  parts  of  the  mouth.  .  .  .  Only  a  small 
part  of  the  blood  circulates  through  the  lungs.  .  •  .  The  arterial  vein  is 
wanting  in  the  lungs  of  the  frog ;  [this  is  also  the  case  in  fish,  but  in 
them  the  blood  is  propelled  to  the  branchiae.]  (Ibid,,  p.  830 — 834 ; 
tab.  xlix.,  fig.  2.)  It  is  remarkable  that  living  worms  are  almost  al- 
ways found  in  the  lungs  of  frogs :  I  have  sometimes  met  with  as  many 
as  six  in  one  frog.  These  worms,  on  their  fore  part,  are  very  similar 
to  common  earth-worms,  but  behind  they  are  somewhat  thicker ;  they 
generally  He  folded  up  within  the  lungs.  .  .  .  Their  color  is  a  yellowish 
white,  excepting  towards  the  tail,  where  they  are  black.  .  .  .  They  have 
their  mouths  constantly  fixed  to  the  internal  membranes  of  the  lungs, 
from  which  they  suck  the  blood.  On  separating  them  cautiously,  we 
may  observe  a  httle  opening  that  they  have  made,  and  blood  discharg- 
ing from  it.  .  .  .  Another  species  of  worms  is  also  found  in  the  lungs 
of  frogs.  These  worms  are  Hke  fine  bristles,  coil  themselves  up,  and 
have  sharp  heads  and  tails.  ...  I  convinced  myself  that  a  great  num- 
ber of  particles  which  I  saw  were  no  other  than  so  many  roundish 
oblong  eggs,  in  which  also  there  was  a  very  discernible  motion.  In 
every  one  of  these  eggs  I  found  a  minute  but  perfect  worm ;  lying 
folded  up  like  a  young  serpent  in  its  ^g.  These  little  worms,  when 
extracted  from  the  eggs,  moved  exactly  in  the  same  manner  as  the 
parent  worms.  This  was  an  undeniable  proof  that  the  creature  was 
both  oviparoiis  and  viviparous,  and  propagated  its  species  in  the  most 
surprising  manner."  (Ibid.,  p.  803,  804.) 
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393.  The  organic  forms  or  living  structures,  determined  by 
their  essentials,  that  is  to  say,  by  the  vessels  and  fibres,  and 
bounded  and  covered  in  by  their  common  bonds  or  sheaths, 
require  to  be  excited  at  intervals  to  their  natural  exercitation 
and  play  of  motion,  in  order  that  their  powers  may  become 
active  forces,  that  the  inherent  nature  of  each  may  declare 
itself,  that  their  labors  may  be  prosperous,  and  that  they  may 
return  perennially  to  their  primitive  state,  and  thus  perpetuate 
life  (a).    This  play  of  motion  consists  in  the  alternate  expansion 

(a)  A  distinct  idea  should  be  fonned,  and  a  distinct  conception 
gained,  of  the  sources  of  motion  in  the  organic  body,  for  by  this 
means  we  may  form  a  distinct  idea  of  the  consecutive  order,  and  of  the 
subordination,  of  the  causes  of  all  effects.  There  are  three  general 
sources  of  motion,  namely,  the  animation  of  the  brain,  the  systole 
and  diastole  of  the  heart,  and  the  respiration  of  the  lungs :  any  other 
sources  of  motion  are  merely  derivations  from  these  springs,  and  as 
it  were  parts  of  a  whole.  With  respect  to  the  systole  and  diastole  of 
the  heart  and  arteries,  they  are  intended  simply  to  produce  the  organic 
forms,  and  to  maintain  them  in  integrity  afterwards ;  for  the  blood- 
vessels are  the  essential  determinations  that  mark  out  or  delineate  the 
forms  or  organs.  But  these  systolic  and  diastolic  motions  are  of  no 
further  import;  they  excite  the  works  determined  by  them  to  no 
action.  Hence  a  source  of  motion  is  wanted,  that  will  act  generally 
upon  the  organ  formed  by  the  blood-vessels,  and  at  the  same  time  par- 
ticularly upon  all  its  links  or  particulars,  and  rouse  them  into  operation. 
The  motions  of  the  heart  and  arteries  merely  conununicate  potency  to 
the  organic  structures,  but  are  incompetent  to  produce  a  single  action. 
To  ensure  the  latter  effect,  the  brains  enter  into  association  with  the 
lungs,  which  flowing  with  their  motion  into  the  universal  organic  ma- 
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or  swelling  of  the  whole  and  all  its  parts  :  it  is  termed  respira- 
tion and  animation  in  living  subjects;  oscillation^  vibration^ 
and  tremblings  in  inanimate  subjects ;  and  modification^  in  the 
atmospheric  world ;  and  the  latter  of  these  coincide  with  the 
former :  and  it  is  as  well  common^  or  a  condition  of  the  whole, 
as  singular,  or  a  condition  of  the  parts ;  so  that  it  receives  its 
name  from  its  subjects,  offices  and  internal  relations.  Precisely 
as  the  least  forms  oscillate,  vibrate,  and  perform  modification, 
so  also  do  the  larger  and  the  largest  {b) ;  so  for  instance,  does 

chine,  flow  also  into  each  of  its  stractnres,  and  all  their  parts,  as  was 
pointed  out,  and  confirmed  by  anatomical  experience,  throughout  Part  I. 
of  this  Work,  and  specifically  in  the  Chapter  on  the  Peritonaeum, 
where  we  shewed,  that  all  the  viscera  of  the  peritonaeum  are  maintained 
in  the  exercise  of  their  functions,  under  the  alternate  vicissitudes  of 
the  respiration,  by  means  of  an  influx  through  the  diaphragm  and  the 
peritonaeum.  Wherever  in  the  world  or  in  the  earth's  kingdoms,  there 
are  substances  endowed  with  active  power  and  force,  and  therefore 
intended  for  performing  certain  functions  and  generating  certain  effects, 
there  these  substances  likewise  are  constantly  excited,  by  extraneous 
causes,  to  a  species  of  respiration  or  animation,  and  this,  both  in  general 
and  in  particular.  Apart  from  such  incentives  or  excitations,  the  sub- 
stances would  be  bare  forms,  or  determinations  of  essentials,  subject  to 
collapse  in  a  few  moments,  and  to  be  numbered  among  forceless  and 
dead  things.  The  same  remark  applies  to  the  world's  atmospheres ; 
were  they  not  to  be  roused,  generally  and  individually,  into  something 
like  an  animatory  or  respiratory  motion,  they  would  instantly  lose  their 
vital  principle,  and  change  into  heavy  and  sluggish  things  :  also  to  the 
kingdoms  of  the  earth, — ^to  tbe  vegetable  and  even  to  the  mineral  king- 
dom. AU  things  derive  their  power  of  action  from  this  motion ;  all 
things  in  the  animal  body  derive  from  it  their  ultimate  life.  The  de- 
termination of  the  essentials, — ^the  circulation  of  the  essences,— does 
not  give  life  in  act,  but  only  existence  and  life  in  potency.  I  am  now, 
however,  speaking  of  the  ultimate  or  corporeal  life,  and  not  of  tbe  in- 
timate or  spiritual  life :  into  tbe  latter  description  of  life  I  intend  to 
inquire  in  another  place. 

(b)  Oscillations,  vibrations  and  modifications  are  nothing  more  than 
reciprocal  and  alternate  expansions  and  constrictions  of  a  mass  or 
volume  ;  of  the  parts  in  a  mass  or  volume ;  or  of  the  individua  or  sin- 
gulars in  the  parts;  difference  in  quantity, — ^more  or  less,— does  not 
destroy  the  essence  of  the  thing ;    although  diversities  of  the  kind. 
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the  universal  machine  of  the  organic  body.  The  production  of 
this  effect,  is  the  end  of  those  pneumonic  bellows,  the  lungs, 
the  alternate  respirations  of  which,  call  all  things  into  activity, 
and  infuse  into  them  new  and  living  powers  of  action.  The 
breath  of  life  that  was  breathed  into  the  nostrils  of  the  first 
parent  of  the  human  race,  was  no  other  than  the  respiratory 
breath  of  the  lungs;*  for  it  is  this  that  opens  the  scene  of  bodily 
life,  as  well  as  in  a  certain  image  represents  the  higher  life  (c). 

inasmuch  as  they  affect,  present  themselves  and  operate  differently,  must 
be  expressed  by  different  words  or  enunciative  formulae.  But  whether 
the  elephant  or  the  minutest  insect  swells  and  subsides  alternately  by 
virtue  of  the  pneumonic  breath,  still  the  effect  continues  to  be  respira- 
tion or  breathing,  although  in  the  insect  it  rather  resembles  minute 
vibrations  or  tremblings.  If  any  little  part  of  a  viscus  opens  and  col- 
lapses synchronously  with  the  lungs,  the  action  is  nevertheless  respirar 
tion,  although  it  may  seem  rather  to  approach  to  the  characteristics  of 
modification.  So  likewise  in  the  atmospheres  of  the  world ; — if  they 
also  in  general,  or  in  their  greatest  volume,  or  in  the  least  volume,  that 
is,  in  their  unity,  alternately  contract,  and  then  regain  their  pristine 
dimension,  then  of  course  there  is  no  reason  why  these  actions  should 
not  be  likened  to  the  modes  of  respiration,  for  in  both  cases  there  is 
expansion  and  constriction,  and  in  both  cases  the  subjects  are  roused  to 
perform  operations  corresponding  to  their  form.  In  fact,  if  we  desire 
to  learn  the  nature  of  modifications  by  means  of  actual  sensation,  or 
a  posteriori,  that  is,  by  the  analytic  way,  we  need  do  no  more  than 
examine  and  consider  the  lungs. 

(c)  The  breath  of  life  that  was  breathed  into  Adam's  nostrils,  means 
nothing  more  than  respiration,  or  the  opening  of  the  lungs.  This  case 
is  similar  to  that  of  new-bom  infants,  whose  lungs  are  opened,  in  order 
to  enable  them  to  enter  upon  the  career  of  bodily  life,  and  to  com- 
mence the  motive  and  sensual  life,  and  thus  to  learn  to  live  in  the 
spirit,  at  the  same  time  that  they  learn  to  five  in  the  body ;  as  wiQ  be 
proved  in  another  place:  meanwhile,  see  Genesis  ii.  7;  vi.  17;  vii. 
15,  22.  Exodus  XV.  8,  10.  2  Samuel  :au.  16.  Psalm  civ.  3;  &c. 
In  these  passages  the  atmosphere  or  wind  is  used  as  synonymous  with 
the  breath  of  life.*    The  same  conclusion  may  be  drawn  from  the 

*  Swedenborg  took  a  further  view  of  this  subject  in  his  theological  writings.  See 
his  Arcana  Cmlestiat  and  Angelic  Wisdom  concerning  the  Divine  Love  and  Divine 
Wisdom.— (Tr,) 
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393.  It  is  perfectly  manifest  that  the  most  general  use  of 
the  lungs  consists  in  respiration ;  but  we  must  go  farther  than 
this,  and  enquire  what  respiration  has  to  do  with  life ;  nor  must 
we  rest  here,  but  must  push  the  matter  still  onwards  into  ulte- 
rior purposes,  investigating  the  use  of  use :  finally,  we  must 
discover  what  is  the  last  use  of  the  series,  or  the  use  that  brings 
up  the  rear,  which  last  use,  like  a  gem  in  a  diadem,  or  in  the 
circle  of  a  crown,  will  also  become  the  first  use,  and  will  lead 
the  van :  for  there  is  a  perpetual  chain  of  uses,  as  of  effects  and 
causes ;  for  every  cause  and  every  effect  involves  a  use. 

394.  The  office  imposed  upon  the  lungs  by  their  nature  and 
structiure,  consists  in  admitting  the  contiguous  air,  through  the 
larynx,  the  trachea,  the  bronchia,  and  the  bronchial  ramifications, 
into  the  vesicles  of  the  lobules,  and  in  immediately  driving  it 
back  again  through  the  same  line  of  passages  :  thus  by  inflating 
their  bags  at  intervals,  the  limgs  expand  and  contract;  they 
draw  breath  or  take  in  air;  in  a  word,  breathe  or  respire. 
Inspiration  is  brought  about  by  the  force  of  the  incumbent  air, 
when  opportunity  is  allowed  it  of  passing  into  the  given  aper- 
tures. The  force  of  the  air  is  ascertained  by  multiplying  the 
height  of  its  column,  and  the  consequent  gravity,  with  the  area 
of  the  given  orifice ;  and  according  thereto,  it  presses  equally 
against  the  sides  in  every  direction  (rf).     Proportioned  to  this  is 

course  of  the  inspiration,  namely,  through  the  nares,  and  from  the  manner 
in  which  it  is  said  to  have  taken  place,  namely,  by  inbreathing.  And 
it  will  become  still  more  evident,  after  we  shall  have  shewn  what  the 
soul  is,  and  what  the  body,  and  that  the  soul  weaves  the  first  and  last 
threads  of  the  body  ;  and  thus  that  from  the  first  moment  of  Hfe,  in- 
asmuch as  it  is  the  universal  substance  or  essence,  it  is  universally  pre- 
sent, potent,  active,  conscious  and  provident,  in  its  microcosm.  See 
Part  I.,  n.  313,  the  Chapter  on  the  Peritonaeum. 

(cT)  The  experiments  of  Pascal  especially,  as  well  as  of  many  later 
writers,  have  satisfactorily  demonstrated,  that  air,  like  water,  presses 
upon  a  given  area  with  a  force  proportioned  to  the  height  of  its  column : 
hence  that  it  is  found  to  press  with  different  degrees  of  force  upon  the 
mercury  of  the  baroni'eter,  according  as  the  experiment  is  made  upon 
lofty  mountains  and  in  high  buildings,  in  deep  mines,  or  under  the 
exhausted  receiver  of  an  air-pump :  and  the  same  remark  appUes  to 
water  and  other  fluids.     But  in  measuring  the  gravity  of  the  air,  one 
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its  eflfort  or  endeavor;  and  furthermore,  its  actual  power,  as 
soon  as  it  obtains  the  opportunity  of  rushing  into  the  void 
spaces  through  the  given  orifice.  By  this  force  and  gravity,  then, 
the  air  opens  all  the  bronchial  locks  that  it  comes  against,  sepa- 
rates the  parietes,  smooths  out  the  corrugated  passages,  extends 

difference  necessarily  occurs,  namely,  that  the  air  itself  may  be  of 
varying  density  or  rarity,  consequently,  of  varying  gravity  or  levity ; 
for  being  elastic,  it  will  allow  of  being  compressed  considerably,  as  well 
as  of  being  expanded  considerably,  with  respect  to  volume  or  space :  and 
thus  the  same  height  of  column  may  produce  a  different  result  of 
gravity ;  as  in  the  different  regions  and  climates  of  the  globe.  These 
differences  are  likewise  observed  between  northern  countries,  and  places 
lying  under  the  meridian  sun.  But  the  breadth  of  the  column  is  mea- 
sured by  the  area  upon  which  it  presses,  which,  multiplied  by  the 
altitude,  (that  is  to  say,  by  the  mean  altitude,  which  corresponds  to 
the  levity  of  the  expanded  air  in  the  higher  region,  and  to  the  density 
of  the  compressed  air  in  the  lower  region,)  gives  the  real  amount  of 
active  force,  in  a  word,  the  gravity,  with  which  the  air  acts  upon  the 
given  object.  The  aerial  atmosphere  has  also  another  known  property ; 
for  the  air,  proportionably  to  the  increased  and  acquired  power  of  action 
of  the  incumbent  column,  weighs  equally,  not  only  upon  the  area  lying 
perpendicularly  under  it,  but  also  upon  other  areas,  whether  oblique  or 
looking  directly  downwards,  so  that  it  presses  with  equal  force,  down- 
wards, upwards  and  obliquely:  which  is  the  reason  why  an  inflated 
bladder  forms  a  globular  sphere ;  and  why  the  action  of  the  air  is  deter- 
mined in  like  manner,  in  every  direction,  upon  drops  of  water,  bubbles 
of  oil,  and  globules  of  quicksilver ;  consequently  also  upon  the  bron- 
chial branches,  upon  all  points  of  their  surfaces,  and  forwards  towards 
the  vesicles,  and  in  the  vesicles  to  all  points  of  their  concave  circum- 
ferences :  whence  the  forms  of  the  vesicles  when  expanded,  resemble 
spheres,  grapes,  or  pears,  and  the  lobules,  bunches  of  grapes.  And 
hence  we  may  infer,  that  the  air  not  only  operates  by  virtue  of  its 
elasticity,  but  also  presses  by  its  gravity ;  which  shews  that  it  is  a  partly 
terrestrial  and  partly  celestial  atmosphere :  (that  is  to  say,  if  the  term 
Celestial  be  applied  to  the  higher  and  more  perfect  atmospheres,  accord- 
ing to  the  usual  mode  of  speaking  adopted  in  the  Holy  Scriptures.) 
It  is  evident  from  the  passage  of  the  air  into  the  lungs,  that  its  action 
overcomes  the  proper  reaction  of  the  lungs ;  for  the  pulmonary  pipes 
contract  naturally  to  the  smallest  possible  diameter  or  dimension,  as 
plainly  shevm  in  the  embiyonic  state,  as  well  as  after  death,  when  the 
lungs  are  collapsed. 
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the  very  foldings  of  the  interstices  (c),  and  finally  expands  the 
vesicles, — empty,  collapsed,  and  united  to  each  other  in  the 
way  of  pyramids  by  plane  surfaces, — ^into  aerial  bullae  and  pyri- 
form  spheres,  and  thus  raises  a  number  of  them  into  a  distinct 
lobule  (/).     At  the  same  time  the  intercostal  muscles,   the 

(e)  It  has  just  been  shewn,  that  the  natural  state  of  the  bronchial  pipes 
or  lungs,  is  a  state  of  contraction,  in  which  state  the  cartilaginous  circles 
or  squamous  segments  in  the  bronchia,  approach  nearer  to  each  other;  and 
even  the  ligamentary  tunic  which  exists  in  the  place  of  the  cartilages  in 
the  ramifications,  runs  up  together,  and  perhaps,  like  the  blood-yessels, 
forms  folds  or  gathers :  shewing  that  these  air-passages  are  folded  to- 
gether during  expiration,  but  are  smoothed  or  spread  out  during  inspi- 
ration or  extension.  ''  In  drawing  out  any  portion  of  the  bronchia  by 
the  two  ends,"  says  Winslow,  "these  segments  are  parted,  and  the 
whole  canal  is  increased  in  length  ;  but  it  contracts  again  by  means  of 
its  elastic  membrane  as  soon  as  the  force  is  taken  off.  When  we  open 
lengthwise  any  portion  of  the  pulmonary  artery  and  vein,  ...  we  meet 
with  a  great  number  of  transverse  rugae,  which  are  obliterated  when 
these  vessels  are  elongated"  (n.  387)*  The  same  thing  occurs  in  the 
interstices,  that  is  to  say,  in  the  cells  or  cellular  substance  that  sur- 
rounds the  bronchial  ramifications ;  for  when  the  bronchia  are  in  the 
state  of  contraction,  these  cellular  spaces  approach  each  other,  and 
their  foldings  compress  each  other  and  adhere  together ;  but  when  the 
tubules  are  extended,  the  interstices  are  necessarily  unfolded  lengthwise. 
"  These  three  vessels,"  says  Winslow,  "  [the  bronchia  and  the  pul- 
monary arteries  and  veins]  lie  in  a  sort  of  cellular  sheath,  which  accom- 
panies all  their  ramifications,  and  is  a  continuation  of  the  interlobular 
cells,  or  cellular  substance  in  the  interstices  of  the  lobules.  The 
pellicles  which  compose  it  are,  however,  disposed  there  in  a  more 
regular  manner,  and  more  longitudinally,  than  in  other  places,  and 
thereby  appear  to  form  a  true  sheath."  (Ibid,) 

(/)  The  vesicles  or  last  bronchial  cells,  that  receive  and  throw  out 
the  air,  and  are  in  a  manner  the  hippodromes  or  goals  whither  the  air 
runs  forth,  and  whence  it  runs  back,  after  having  performed  its  little 
circuits  and  turnings,  in  their  contracted  or  emptied  state  are  rather 
angular  and  pyramidal,  than  globose  or  uvular,  and  are  in  contact  with 
each  other  by  flat  surfaces,  and  not  by  mere  points.  See  Malpighi, 
Be  Pulmmibusy  tab.  i.,  fig.  3.  "The  lobules,"  says  Winslow,  "are 
always  angular,  oblong,  broad,  straight,  &c.  .  .  .  When  we  inflate  the 
lungs,  the  bronchial  cells  nearest  their  outer  surface  appear  hke  small 
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triangulares  stemi,  the  muscles  of  the  diaphragm^  and  several 
others  that  are  supplied  by  the  trunks  and  branches  of  the 
twelve  dorsal  nerves,  contract,  and  raise  the  ribs,  extrude  the 
vertebrae,  expand  the  diaphragm,  and  thus  enlarge  the  thorax  {ff) : 

masses  of  round  vesicles ;  and  from  this  appearance  they  have  all  got 
the  name  of  vesicles,  though  they  are  all  angular,  except  those  which  I 
have  now  mentioned."  (Ibid,)  And  Boerhaave  remarks,  "  The  vesi- 
cles must  be  extended  by  the  air,  from  a  flat  and  compressed  figure  to 
one  more  spherical  and  capacious ;  and  hence  the  spaces  between  the 
cartilaginous  segments,  branches  or  bronchia,  and  vesicles  of  the  lungs, 
must  be  increased."  (Inst.  Med,,  n.  197.) 

(ff)  We  may  infer  what  muscles  are  peculiarly  employed  in  the  re- 
spiration of  the  lungs, — I  am  not  now  speaking  of  the  varied  respiration 
that  takes  place  during  the  voluntary  and  natural  actions  of  the  body, 
when  the  most  extensive  cooperation  exists  among  the  muscles  of  the 
thorax'  and  abdomen,  but  of  ordinary  respiration,  such  as  exists  in 
sleep,  and  indeed  in  the  waking  state,  when  the  animal  mind  is  at  rest, 
and  the  body  in  no  way  excited  to  action, — we  may  infer,  I  say,  what 
muscles  are  particularly  employed  in  this  case,  in  some  measure,  though 
not  clearly,  from  the  connexion  of  the  muscles  with  the  ribs,  the  dia- 
phragm, the  sternum,  and  the  vertebrae ;  and  in  some  measure  from 
reflecting  upon  the  motions  of  the  chest  and  lower  belly,  during  the 
continuance  of  the  above  normal  respiration.  But  in  my  opinion,  the 
surest  way  of  recognizing  the  genuine  respiratory  muscles,  and  distin- 
guishing them  from  those  other  muscles  that  merely  lend  a  helping 
hand  during  extraordinary  actions,  will  be,  by  assuming  as  our  principle 
the  twelve  costal  or  dorsal  nerves,  and  their  influx  into  the  muscles. 
For  these  nerves  proceed  distinctly  from  the  dorsal  region  of  the  spinal 
marrow,  and  running  out  parallel  to  the  ribs,  are  inserted  into  all  the 
muscles  that  in  any  degree  contribute  to  enlarge  the  chest.  Now  the 
enlargement  of  the  chest,  and  the  consequent  elevation  of  the  ribs, — 
even  in  a  measure,  of  the  false  ribs, — and  of  the  sternum  and  the  dia- 
phragm, is  the  only  thing  that  allows  the  lungs  to  respire.  Thus  every 
time  the  spinal  marrow  expands  and  contracts,  together  with  the  cere- 
bellum and  the  cerebrum,  it  inspires  all  its  nerves,  and  rouses  them  to 
act  upon  the  muscles,  and  the  muscles  to  act  upon  the  ribs  and  the 
diaphragm ;  which  is  the  reason  why  the  animation  of  the  brains  and 
the  respiration  of  the  lungs  are  exactly  coincident  in  their  movements. 
In  order,  then,  that  we  may  learn  by  the  nerves,  to  distinguish  the 
genuine  respiratory  muscles,   let  us  consult  Vieussens,  Neurographia 
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by  virtue  of  which  circumstances^  there  is  nothings  from  the 
inmost  parts  to  the  outmost,  to  resist  the  advance  of  the  air, 
and  the  intumescence  of  the  lungs.  Expiration,  on  the  other 
hand,  is  brought  about  by  a  general  contractile  effort  on  the 
part  of  all  the  internal  constituents  of  both  the  lungs,  that  is  to 
say,  of  the  fibres,  nervous,  ligamentary,  motive  and  tendinous, 
and  of  the  vessels  that  support  and  construct  the  ramifications 
of  the  bronchia,  or  their  cartilaginous  pieces,  delicate  circles, 
and  membranous  integuments  (A).      Simultaneously  with  this 

Universalis,  tab.  xxvii.,  where  he  graphically  represents  the  twelve 
dorsal  nerves,  running  parallel  with  the  ribs ;  and  we  may  see  that 
from  them  and  their  anastomoses  and  branches,  there  evidently  proceed 
various  nerves,  which  are  simultaneously  excited  to  action,  not  only  by 
the  spinal  marrow  as  an  internal  cause,  but  also  by  the  elevation  of  the 
ribs  as  an  external  cause :  for  all  these  nerves  pass  into  the  intercostal 
muscles,  however  the  latter  are  distinguished  by  different  names,  as 
super-costales,  inter-costales,  and  intra-costales ;  also  into  the  trian- 
gulares stemi:  and  their  ramifications,  reflected  from  the  ribs,  and 
slanting  in  their  course,  enter  several  of  the  muscles  of  the  thorax ; 
thus  a  branch  of  the  second  dorsal  nerve,  united  with  a  branch  of  the 
thoracic  gangUoform  plexus  of  the  intercostal  nerve,  supplies  the  sub- 
clavius  and  serratus  minor  anticus  [pectoralis  minor]  (Tab.  cit.,  e)  ; 
besides  which,  a  nerve  is  reflected  from  the  brachial  nerves  to  the  dia- 
phragmatic nerve  (Op.  cit.,  tab.  xxiv.,  t)  ;  and  branches  pass  from  all 
the  other  [dorsal]  nerves,  to  the  pectoralis  major,  serratus  major  [ser- 
ratus magnus],  serratus  posticus  superior,  serratus  posticus  inferior, 
and  cervicaHs  descendens ;  and  to  the  pleura  and  the  mediastinum :  and 
their  ulterior  and  lower  ramifications  supply  the  longissimus  dorsi,  the 
sacro-lumbalis,  and  the  integuments  and  muscles  of  the  abdomen.  By 
considering  the  influx  of  all  these  nerves,  we  are  enabled  to  conclude 
respecting  the  way  in  which  the  muscles  cooperate  to  produce  the  same 
effect,  whether  generally  or  particularly,  nearly  or  remotely ;  and  re- 
specting the  form  of  action  which  they  produce  by  their  simultaneous 
operation,  according  to  the  way  in  which  the  nerves  pass  into  them, 
when  ordinary  respiration  is  going  on.  But  it  would  require  a  volume  to 
do  justice  to  this  subject. 

(A)  According  to  what  was  stated  above  in  note  (d),  the  pulmonary 
pipes  contract  spontaneously,  and  constantly  tend  to  assume  the  smalls 
est  possible  dimension ;  and  if  this  be  true  of  the  pipes,  of  course  it  is 
equally  true  of  all  the  causes, — that  is,  of  all  the  filaments, — that  con-^ 
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eflfort,  the  before-mentioned  muscles  relax^  the  ribs  are  re- 
tracted into  their  natural  situation,  the  diaphragm  is  relaxed 
and  hollowed,  the  concave  surfaces  of  the  lungs  adapt  them- 
selves to  the  hollow,  and  the  thorax  is  contracted  in  its  whole 
circumference;  thus  there  is  nothing  but  drives  the  retreating 
air,  and  applies  itself  to  the  subsiding  lung  (t).     Hence  the  in- 


stitute the  pipes :  the  contraction  of  the  pipes  is  only  an  effect  of  the 
contraction  of  these  filaments ;  consequently  of  the  contraction  of  the 
nerves,  that  spread  in  all  directions  through  the  lobes  of  the  lungs, 
issuing  from  the  plexus  formed  by  the  par  vagum  and  intercostal  nerve, 
and  climb  up  and  twine  round  their  blood-vessels  and  air-pipes  in  va- 
rious ways.  See  Verheyen,  Corp.  Hum.  Jnat.,  tract,  vii.,  cap.  v.,  tab.  xl., 
fig.  1  :  and  WilUs,  Pharmac.  Ration.,  pars  II.,  sec.  I.,  shewing  these 
nerves  [separated  into  fibrillar,  spread  out  and]  greatly  magnified.    The 
contraction  of  the  pulmonary  pipes  is  also  caused  by  the  contraction  of  the 
sinewy  fibres  represented  by  Morgagni  (Advers.  Anat.  i.,  tab.  1),  and 
which  run  longitudinally  in  the  bronchia  and  their  ramifications,   par- 
taking somewhat  of  the  nature  of  muscular,  somewhat  of  the  nature  of 
tendinous  fibres.     Respecting  these,  Winslow  says,  "  As  the  bronchia 
penetrate  into  the  substance  of  the  lungs,  they  gradually  lose  their 
cartilages  ;  but  the  muscular  lines  or  columns  of  Morgagni  appear  as 
much,  and  sometimes  more,  than  before"  (n.  387).     The  above  con- 
traction also  involves  that  of  the  cartilaginous  segments  ;  "  When  we 
examine  a  lung  without  inflation,"  says  Winslow,  "  we  find  that  the 
cartilaginoiis  segments  of  the  bronchia  He  so  near  as  to  be  impHcated  in 
each  other."  (Ibid.)     And  equally  that  of  the  membranes  which  suc- 
ceed the  cartilaginous  segments  and  plates  in  the  ramifications. 

(t)  The  proper  action  or  contraction  of  the  lungs  is  not  of  itself 
sufiicient  to  countervail  the  incumbency  and  pressure  of  the  air ;  it  re- 
quires to  be  assisted  by  a  general  auxiliary  power ;  namely,  the  return 
of  the  ribs,  and  the  natural  compression  of  the  thorax.  When  the 
action  of  the  muscles  intermits,  the  ribs  return  spontaneously  into  their 
places ;  for  they  and  their  cartilaginous  extremities  have  tendons  and 
aponeurotic  membranes  connected  to  them,  which  act  as  antagonists  to 
the  costal  muscles,  and  diminish  the  pectoral  space  by  themselves  con- 
tracting and  by  drawing  down  the  ribs.  Thus  the  internal  natural  con- 
traction of  the  lungs,  must  concur  with  the  external  natural  contraction, 
before  the  lungs  can  countervail  the  pressure  of  the  air ;  and  when  this 
concurrence  is  efPectcd,  then  the  expulsion  of  the  latter  takes  place. 
Furthermore,  all  the  ribs  are  in  some  measure  impHcated  with   the 
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temal  forces  of  the  lungs^  which  are  natural  {k),  and  the  exter- 
nal forces,  which  in  the  day  time,  and  during  the  waking  state, 
are  voluntary  (/),  concur  to  each  alternate  movement  of  the 
respiration.     The  internal  forces  or  parts  yield  to  the  pressure 

border  of  the  diaphragm,  and  its  peritoneal  covering,  and  when  these 
parts  are  relaxed,  the  tendons,  muscles,  coats,  and  other  powers,  like- 
wise are  enabled  to  assist  in  drawing  down  the  costal  levers  into  their 
natural  position  and  situation. 

(k)  For  the  branches  of  the  plexus  formed  by  the  par  vagum  and 
intercostal  nerve,  proceed  from  the  cerebellum  as  their  natal  soil,  as  we 
have  oflen  observed  above,  and  shall  demonstrate  in  the  proper  place  ; 
hence  all  the  acts  that  proceed  from  these  nerves,  are  natural,  because 
acts  of  the  cerebellum.  "  The  lungs,"  says  Winslow,  "  have  a  great 
many  nerves  distributed  through  them,  by  filaments  which  accompany 
the  ramifications  of  the  bronchia  and  blood-vessels,  and  are  spread  on 
the  cells,  coats,  and  all  the  membranous  parts  of  the  lungs.  The 
middle  and  great  sympathetic  nerves,  commonly  called  the  nerves  of 
the  eighth  pair,  and  the  intercostals,  form  behind  each  lung  a  parti- 
cular intertexture,  called  the  pulmonary  plexus,  from  which  nervous 
filaments  go  out  to  communicate  with  the  cardiac  and  stomachic  plex- 
uses." (Ibid,)  Now  if  the  very  filaments  of  the  nerves  are  in  a  state 
of  contraction,  of  course  the  vessels,  sinewy  fibres  [muscular  lines  of 
Morgagni],  and  membranes,  in  short,  the  whole  of  the  tubular  and 
vesicular  apparatus  of  the  lungs,  must  be  in  a  similar  state ;  for  the 
latter  are  composed  of  and  constructed  by  the  former.  The  nerves  ap- 
pear to  have  received  their  power  of  contraction  during  embryonic  life, 
when  the  lungs,  from  their  very  formation,  were  in  a  state  of  collapse. 

(Z)  All  the  nerves,  with  the  exception  of  the  par  vagum  and  the 
intercostal  nerve,  and  perhaps  with  the  exception  also  of  those  sent  by 
the  restiform  process  of  the  cerebellum  towards  the  genital  members, 
are  subject  to  the  will  of  the  cerebrum ;  such  is  the  case  with  the 
twelve  costal  and  the  other  nerves  that  descend  from  the  medulla  ob- 
longata and  medulla  spinalis.  This,  however,  as  we  all  know,  applies 
only  to  the  waking  state ;  for  during  sleep  the  same  nerves  act  under 
the  auspices  and  government  of  nature.  The  cerebrum  rules  in  the 
day-time,  and  excites  itself  at  will  to  general  and  particular  animations, 
and  with  it  the  cerebellum,  medulla  oblongata  and  medulla  spinaUs. 
The  cerebellum,  on  the  other  hand,  takes  up  the  reins  at  night,  and 
obliges  the  cerebrum  itself,  and  the  two  medullse,  to  follow  its  own 
reciprocd  acts  of  animation.     That  the  government  is  thus  alternated 

l2 
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of  the  air,  while  the  external  contract,  raise  their  levers,  and 
provide  the  requisite  space ;  and  vice  versa.  Thus  the  contrac- 
tion of  the  voluntary  muscles,  united  with  the  action  of  the 
atmosphere,  gives  the  air  the  power  of  inflating  the  lungs,  and 
of  overcoming  nature ;  and  the  contractile  action  of  the  lungs, 
in  conjimction  with  a  similar  action  on  the  part  of  the  levers  of 
the  thorax, — ^the  will  the  meanwhile  being  in  a  state  of  repose, — 
gives  nature  the  power  of  throwing  out  the  encroaching  iEolus ; 
hence  the  province  of  the  will  is  conflned  to  admitting,  and 
during  good  pleasure  retaining,  the  aerial  guest ;  but  driving  it 
out,   is  left  to  nature  (w).      The  above  circumstances  clearly 

and  divided  between  the  cerebmm  and  the  cerebellum,  that  is,  between 
the  will  and  nature,  will  be  shewn  in  the  Parts  on  the  Cerebrum  and 
Cerebellum.  The  circumstance  of  our  breathing  with  the  lungs  more 
deeply  and  fully  during  the  night  than  during  the  day,  arises  not  only 
from  the  energy  of  the  cerebellum,  (which  is  a  small  mass  compared 
to  the  cerebrum,  with  the  whole  of  its  own  medullary  appendages,  and 
those  of  the  great  stems  proceeding  from  it,)  but  also  from  the  state  of 
the  lungs  in  sleep ;  but  in  the  day  time,  the  lungs  with  the  cerebrum 
being  awake,  are  almost  constantly  half  expanded,  and  their  vesicles 
half  open  ;  as  we  shall  have  occasion  to  mention  presently. 

(m)  It  would  appear  at  first  sight  that  the  will  performs  both  parts, 
and  governs  expiration  as  well  as  inspiration,  since  under  the  premoni- 
tion and  direction  of  the  will  we  have  the  power  both  of  prolonging  and 
letting-go  the  breath.  But  if  we  duly  consider  these  vital  actions,  we 
shall  discover  enough  to  convince  us  that  in  ordinary  respiration,  in- 
spiration alone  belongs  to  the  will,  and  not  expiration.  The  contrary 
appearance  arises  from  the  fact,  that  the  will  can  intermit  its  inspira- 
tions at  pleasure,  and  as  soon  as  ever  it  does  this,  nature  takes  up  the 
matter,  and  completes  the  act ;  in  short,  draws  down  the  ribs,  sternum 
and  diaphragm,  into  their  natural  position  and  situation.  The  same 
thing  occurs  in  the  cerebrum  ;  the  province  of  its  will  consists  in  ex- 
panding it,  but  to  produce  the  opposite  condition  is  the  province  of 
certain  reagent  ligaments  and  tendons,  which  complete  the  work.  The 
only  thing  voluntary  in  the  latter  case  is,  that  the  cerebrum  has  the 
disposal  and  option  of  giving  nature  leave  to  act.  Thus  for  example, 
when  we  raise  the  arms,  legs,  or  feet,  the  will  has  the  power  not  only 
of  Hfling  them,  but  of  keeping  them  lifted  as  long  as  it  pleases ;  but 
when  we  let  down  the  same  parts,  their  descent  is  committed  to  nature ; 
that  is  to  say,  to  the  tendons,  the  antagonist  muscles,  and  the  weight 
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shew  the  nature  of  the  equilibrium  that  exists  in  ordinary  re- 
spiration, between  the  gravitating  powers  of  the  circumambient 
atmosphere,  and  the  singular  or  internal  powers  of  the  lungs 
in  conjimction  with  the  common  or  externa  powers  of  the 
thorax  (n). 

of  the  limb.  So  when  we  throw  ourselves  upon  our  couch,  either  on 
our  backs  or  our  faces,  we  bring  ourselves  into  the  proper  centre  of 
gravity,  and  then  leave  our  descent  to  be  effected  by  the  weight  of 
the  body :  the  same  rule  applies  to  other  cases.  For  the  corporeal 
machine  is  constantly  held  together  in  its  natural  position  and  con- 
nexion, by  a  number  of  appliances,  membranous,  muscular,  aponeu- 
rotic, tendinous,  cartila^ous  and  osseous.  All  activity  resulting  from 
the  will  tends  to  disturb  and  break  up  this  position  and  connexion ;  and 
hence  nature  is  obliged  to  take  the  reins  alternately  from  the  will,  so 
that  every  time  she  is  thrust  from  her  state  by  the  acts  of  the  wiD,  she 
may  be  able  to  restore  herself  to  herself.  See  below,  n.  400.  By 
taking  account  of  these  circumstances,  we  may  infer  the  particular 
mixed  action  of  the  wiU  and  nature  existing  in  ordinary  respiration,  and 
the  primary  cause  of  such  mixed  action ;  namely,  that  the  will  governs 
only  the  external  muscles  of  the  thorax,  but  not  in  the  least  degree  the 
internal  forces  of  the  lungs,  excepting  by  mediation  from  the  external, 
through  the  common  membrane  and  intervening  ligament.  Now  as  ex- 
panding the  thorax  is  a  voluntary  matter,  so  it  is  a  voluntary  matter 
that  the  gravity  of  the  air  overcomes  the  resistance  of  the  bronchia  and 
vesicles.  Nevertheless,  in  extraordinary  respiration,  when  the  pulmonic 
breathing  has  to  concur  with  voluntary  actions,  a  different  condition 
occurs,  and  in  this  case  the  will  sometimes  governs  the  expiratory 
equally  with  the  inspiratory  acts.     See  below,  n.  401. 

(n)  Inspiration  and  expiration  go  on  like  the  balancing  movements 
of  a  pair  of  scales ;  which  scales  are  the  ribs,  according  to  the  elevation 
whereof,  the  resistance  of  the  internal  parts  of  the  lungs  is  overcome 
by  the  pressure  of  the  air.  But  the  circumstance  that  living  lungs  are 
expanded  more  easily  than  dead  lungs,  or  lungs  removed  from  the  body, 
— ^in  fact,  so  much  more  easily  that  their  expansion  appears  almost 
spontaneous, — is  attributable  not  only  to  the  arterial  blood  thrown  in 
by  the  heart,  and  to  the  nervous  fibres  swollen  with  their  spirit  by  the 
living  brain ;  but  also  to  the  state  of  the  bronchia  and  vesicles,  during 
wakefulness,  at  which  time  they  are  half  opened,  and  covered  with  a 
viscid  fluid,  which  glues  together  many  of  the  passages  afler  death. 
Lastly,  it  is  to  be  observed  in  this  place,  that  the  external  coat  of  the 
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395.  Not  only  do  the  longs  themselves  respire,  but  they 
fdso  cause  the  whole  of  the  organic  system  to  respire  along  with 
them;  namely,  both  the  middle  region,  in  which  they  them- 
selves are  situated ;  the  superior  region,  which  is  that  of  the 
head  and  the  cerebrum ;  and  the  inferior  region,  or  that  of  the 
abdomen ;  and  in  fact,  even  the  appendages  of  the  trunk, — ^the 
arms  and  hands,  the  legs  and  feet,  down  to  the  tips  of  the  fin- 
gers in  the  one  case,  and  to  the  ends  of  the  toes  in  the  other : 
so  that  there  is  not  a  comer  in  any  province  of  the  kingdom, 
whither  the  pulmonic  breath  does  not  penetrate  with  active 
power;  and  this,  by  the  mediation  and  instrumentality  of  a 
number  of  general  appliances, — ^for  instance,  of  the  mediasti- 

lungs,  which  is  continuous  with  the  mediastinum,  and  by  the  [broad 
membranous]  ligament  (n.  387),  with  the  pleura,  cooperates  and  con- 
spires with  the  vertebrae,  the  ribs,  and  the  diaphragm,  to  produce  the 
expansion  and  constriction  of  the  lungs ;  this  coat  being  relaxed  in 
exact  proportion  as  the  pectoral  space  is  enlai^d,  and  tnce  versa. 
Thus  there  are  two  external  forces,  each  in  complete  agreement  with 
the  other.  This  is  the  reason  why  a  space  is  lejfl  between  the  lungs 
and  the  pleura  even  in  living  subjects ;  according  to  the  observation  of 
Morgagni.  '^  I  have  myself  observed,"  says  he,  "  that  a  considerable 
space  is  left  between  the  parietes  of  the  chest  and  the  Imigs  in  inspira- 
tion, and  much  more  in  expiration"  (n.  390).  By  means  of  the  broad 
ligament  just  mentioned,  the  external  surface  of  the  longs  is  connected 
to  the  pleura  and  to  the  diaphragm ;  consequently  to  the  ribs,  &c. ;  and 
accommodated  exactly  to  their  extension ;  and  its  action  likewise  is  ex- 
ternal, for  it  is  concurrent  with  the  most  external  action  of  the  ribs  and 
vertebra.  Respecting  this  ligament,  Winslow  says,  "  Under  the  root 
of  each  lung,  that  is,  under  that  part  formed  by  the  subordinate  trunk 
of  the  pulmonary  artery,  by  the  trunks  of  the  pulmonary  veins,  and  by 
the  trunk  of  the  bronchia,  there  is  a  pretty  broad  membranous  liga- 
ment, which  ties  the  posterior  edge  of  each  lung  to  the  lateral  parts  of 
the  vertebrae  of  the  back,  from  that  root  all  the  way  to  the  diaphragm" 
(n.  387).  Something  like  this  is  the  case  in  the  liver  and  other  mem- 
bers of  the  abdomen,  which  are  bound  down  by  the  peritonaeum  through 
the  intervention  of  ligaments,  and  produce  a  common  coat  in  the  form 
of  a  continuous  web,  by  which  those  viscera  are  constrained  extrinsi- 
cally  to  yield  compliance  to  the  peritonaeum ;  and  especially  is  this  the 
result  in  those  instances  where  the  ligament,  as  here  in  the  lungs,  is 
inserted  in  the  spot  where  the  substantial  of  the  viscera  enter. 
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num^  the  pleura,  the  diaphragm,  the  peritonseum,  the  ribs,  and 
the  vertebrae;  speaking  generally,  by  the  mediation  of  the 
nerves,  vessels,  membranes,  muscles,  tendons,  ligaments,  car- 
tilages, and  bones ;  that  is  to  say,  of  all  the  constituents  that 
make  up  the  compages  of  the  whole.  We  shall  clearly  perceive 
this  to  be  the  case,  if  we  consider  the  continuity,  relation,  and 
circling  course  of  the  above  substances ;  nay,  we  may  have  sen- 
sible experience  of  it  in  our  own  persons,  in  the  respective  acts 
of  sneezing,  coughing,  shouting,  vociferating,  evacuating  the 
faeces,  wrestUng,  and  other  similar  operations,  during  which  we 
distend  the  lungs  and  augment  the  breathing  to  the  greatest 
degree ;  that  is  to  say,  provided  we  fix  our  mental  vision  atten- 
tively upon  aU  the  circumstances  of  the  case.  And  again,  the 
fact  is  brought  completely  home  to  our  senses,  and  placed  in 
clear  light,  in  the  simpler  and  less  elaborate  forms  of  the  ani- 
mal creation, — ^in  worms,  nymphs,  caterpillars,  butterflies,  flies, 
and  other  little  living  machines  of  a  similar  kind ;  in  which  the 
pulmonic  breath  flows  in,  not  as  in  animals  of  larger  dimension, 
through  so  many  mediations,  and  instrumental  appliances,  of 
ligaments,  membranes  and  muscles,  and  through  so  many  car- 
tilaginous and  osseous  balances,  but  immediately,  by  air-vessels 
or  bronchial  pipes,  dividing  and  ramifying  in  the  form  of  fibres, 
through  all  the  organic  powers  of  the  body ;  and  this  flowing 
in,  by  manifest  cooperation  expands  their  chain  of  uses  (o). 

(p)  Respecting  the  wonderful  ramification  of  the  air-pipes  in  insects, 
see  Swammerdam  above,  n.  391.  In  the  caterpillar  of  the  day-butterfly, 
these  pipes  commimicate  with  each  other,  and  spread  all  over  the  body, 
so  that  there  is  no  part  thereof,  not  even  its  homy  substance,  that  is 
not  furnished  with  them.  In  the  gnat,  they  run  through  certain  parts 
like  so  many  veins  and  nerves.  In  the  hemerobios  or  ephemerus,  they 
are  distributed  in  the  head  towards  the  nerves  and  brain ;  in  the  thorax, 
to  the  muscles  of  the  feet  and  wings  ;  in  the  abdomen,  to  the  obliquely 
ascending  and  straight  muscles ;  also  to  the  spinal  marrow ;  to  the 
lactes  or  seminal  vesicles  of  the  male ;  to  the  hairy  branchiae  or  giUs  ; 
to  the  stomach,  the  intestines,  the  skin,  and  the  coat  of  the  wings ;  to 
the  ovary  and  the  coat  covering  the  ovaiy ;  to  the  eggs  themselves ;  and 
even  to  the  heart.  In  the  louse,  the  pulmonary  pipes  may  not  only  be 
discovered  in  the  head,  breast,  and  abdomen,  but  they  extend  also  into 
the  intestines,  the  ovary,  the  spinal  marrow,  the  brain,  and  in  fine. 
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396.  The  lungs  not  only  eflPase  their  moving  breath  or 
breathing  motion  into  the  general  connecting  media  of  the  body^ 
as  the  tunics,  the  muscles,  and  the  septa, — ^and  thence  into  the 
viscera  enclosed  thereby,  as  the  stomach,  the  liver,  the  mesen- 
tery, the  pancreas,  the  spleen,  the  kidneys,  the  bladder,  the 
testicles,  the  vesicuke  seminales,  the  uterus,  the  ovaries,  and 
the  rest ;  but  they  also  infuse  it  into  the  distinct  particular  con- 
geries and  simple  forms  of  those  viscera,  that  is  to  say,  into 
their  lobules,  glands  and  follicles,  down  to  the  very  intimate 
recesses  of  each :  and  thus  the  lungs  excite  them,  every  one,  in 
their  general  form  as  well  as  in  all  their  parts,  to  operate  in 
accordance  to  their  nature  and  structure,  inspiring  force  into  po- 
tency, and  thereby  giving  birth  to  natural  effects  or  actions  {p). 
Thus  respiration  calls  forth  the  intimate  hves  of  the  determina- 
tions,* into  actions,  or  into  their  ultimate  lives;  so  that  the 

into  all  the  internal  parts  of  the  body,  &c.  Respecting  the  distribution 
of  the  pulmonary  pipes  in  the  worm  from  which  the  gad-fly  is  produced, 
see  Swammerdam,  Biblia  Natura,  p.  662,  663.  In  the  acarus,  Ibid., 
p.  697,  698.  In  the  covered  snail,  the  pulmonary  inspiration  and  ex- 
piration concur  to  all  the  vital  motions,  although  by  very  different 
means  to  the  above  :  see  Ibid.,  p.  Ill,  112,  113. 

(p)  In  Part  I.,  where  we  investigated  the  Viscera  of  the  Abdomen, 
the  reader  will  find  it  constantly  asserted,  that  the  natural  and  vital 
motions  of  those  viscera  are  exactly  synchronous  with  the  spiratory 
winnowings  of  the  lungs,  but  not  with  the  rhythmical  movements  or 
pulsations  of  the  arteries  and  heart ;  for  the  latter  cannot  expand  or 
contract  even  so  much  as  the  smallest  particle,  or  glandular  initiament 
of  any  of  the  organs.  Let  the  arterial  filaments  be  ever  so  numerous 
in  any  little  part,  either  glandular,  papillary,  or  otherwise  organic ;  or 
even  let  the  whole  texture  be  arterial,  still,  beyond  the  individual  pul- 
sations and  movements  of  their  capillaries,  they  have  no  power  of 
contributing  in  any  way  to  the  expansion  and  constriction  of  the  cor- 
puscule  generally :  and  I  will  go  so  far  as  to  assert,  that  excepting  they 
be  in  muscular  fibres,  they  can  nether  lift  nor  compress  any  surface  a 
single  hair's-breadth  beyond  its  plane  or  horizontal  level ;  st^  less  con- 
stitute a  source  of  motion  that  will  infuse  activity  into  an  entire  part. 
It  is  one  thing  for  a  part  to  vibrate  superficially,  and  another  thing  for 
it  to  swell  and  suffer  contraction  throughout  its  whole  dimension,  cavity 

*  See  the  definition  of  determinations,  n.  382,  note  (/). — (Tr.J. 
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lungs  are  the  very  gymnasia  of  the  exercises,  effects  and  uses 

and  substance.  From  these  considerations  we  may  begin  to  discern 
what  the  beating  of  the  arteries  and  the  breathing  of  the  lungs  respec- 
tively contribute  to  the  excitation  of  the  works.*  At  first  sight,  how- 
ever, it  would  appear,  that  before  the  opening  of  the  pulmonary  bellows, 
that  is  to  say,  before  birth,  every  operation  must  have  arisen  from  the 
sanguineous  pulse.  But  if  we  consider  the  matter  more  narrowly,  we 
shall  find  that  even  during  this  time,  the  arterial  blood  contributed  very 
shghtly  to  initiate  the  operation  of  the  viscera ;  in  fact  that  it  did  no 
more  than  flow  into  the  motive  fibres  according  to  the  alternate  actions 
of  the  heart,  and  thus  constantly  and  at  stated  intervals,  expanded  and 
constricted  those  fibres,  or  the  muscles  made  up  of  them.  But  this  is 
only  an  effect  arising  ^m  the  pulsation  or  circulation  of  the  blood,  and 
not  a  cause.  The  cause  is  referable  to  the  nervous  fibres,  and  by 
consequence  to  the  general  action  of  the  cerebrum  and  cerebellum  upon 
the  motive  fibres  of  the  body,  and  their  influxion  into  the  same.  Such 
is  the  cause  of  the  reciprocation  at  this  time,  as  well  as  of  the  operation 
of  certain  viscera  in  the  primeval  state.  And  since  after  birth  the 
animation  of  the  brain  is  coincident  with  the  respiration  of  the  lungs, 
therefore  the  same  manner  of  cause  continues  stiU,  and  the  same  cause 
of  the  effect ;  but  with  this  distinction,  that  before  birth  the  animation 
of  the  brain  must  have  been  coincident  alternately  with  the  diastole  and 
systole  of  the  heart,  but  not  in  the  second  scene  of  life,  after  the  open- 
ing of  the  lungs.  And  hence  it  is  that  in  the  embryo,  nothing  what- 
ever could  be  called  into  action,  excepting  rhythmically  or  synchronously 
with  the  cardiac  movements,  and  consequently  no  particular  action 
could  be  produced — no  action  separate  from  the  general  action.  But 
we  shall  treat  of  these  subjects  in  another  place.  Meanwhile,  that  the 
stomach  institutes  its  peristaltic  motions,  and  the  intestines,  their 
vermicular  motions,  consonantly  with  the  pulmonic  motions,  was  shewn 
in  the  Analyses  of  the  Stomach  and  Intestines ;  and  that  the  Hver,  the 
pancreas,  the  spleen,  the  kidneys,  and  many  other  organs  devoted  to 
the  procreation  and  purification  of  the  blood  and  serum,  exhibit  the 
same  consonance  with  the  limgs  in  their  motions,  was  likewise  shewn  in 
Part  I.  of  this  Work :  and  this,  not  only  with  respect  to  their  mass, 
but  with  respect  to  all  their  parts.     For  each  several  organ  has  bonds 

*  The  term  "  works"  (oper<B)  appears  to  be  used  by  Swedenborg  sometimes  to 
signify  the  mechanism  of  parts,  as  we  use  it  when  we  speak  of  the  "  works  of  a 
watch  ;"  sometimes  to  signify  the  operations  of  such  mechanism.  At  other  times  it 
seems  to  combine  these  meanings.  (Tr.) 
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corresponding  to  the  ends  or  intuitions  of  the  soul  (q).  Hence 
the  numerous  ligaments  and  frsena  put  forth  by  the  diaphragm 

or  ligaments,  one  or  more,  sent  to  it  by  the  peritonaeum,  as  well  as  by 
the  diaphragm,  and  inserted  particularly  in  its  depressed  or  concave 
part,  where  the  ingoing  and  outgoing  vessels  all  meet ;  and  this  bond 
or  ligament,  by  a  process  of  circumvolution,  not  only  produces  the 
external  coat  of  the  oi^an,  but  putting  forth  Httle  sheaths,  penetrates 
all  the  way  to  its  intimate  foUicles  and  simple  structures ;  that  is,  to  its 
principles.  Such  is  the  case  in  the  Uver,  the  spleen,  the  kidneys,  and 
the  other  members.  It  was  ftirthermore  shewn,  that  the  peritonaeum 
cannot  be  animated  and  agitated  by  any  motion  but  what  it  derives 
continuously  from  the  lungs,  by  means  of  the  diaphragm,  the  ribs,  the 
vertebrae,  the  nerves,  the  muscles,  &c.  And  again,  that  the  lungs 
flow  intimately  with  their  motion  into  all  these  viscera,  not  only  by  the 
mediation  of  the  diaphragm,  the  muscles  and  the  ribs,  but  also  by  the 
mediation  of  the  nerves,  particularly  of  the  great  intercostal  and  the 
par  vagum,  which  enter  the  intimate  substances  of  these  viscera,  and 
construct  the  same. 

(q)  That  the  lungs  call  forth  or  excite  both  the  Hves  of  the  body, 
the  motive  life  as  well  as  the  sensitive,  will  be  presented  in  the  form  of 
a  conclusion  presently  (n.  404)  ;  and  if  they  call  forth  the  motive  life 
and  the  sensitive  life,  of  course  they  determine  into  action  all  the  works 
that  properly  belong  to  the  body.  But  in  order  to  our  Uving  by  nature, 
as  we  live  in  the  mother's  womb,  there  is  no  necessity  for  forces  of  this 
kind, — forces  excitative  of  the  motions  of  the  body  and  the  senses ; 
for  the  soul,  Uving  as  a  spiritual  being  in  the  prior  world,  needs  no 
information  from  the  external  senses,  but  is  far  more  discerning  than 
they,  and  in  truth  bestows  upon  the  innermost  senses,  and  infuses  into 
them,  whatever  discernment  they  possess.  Nevertheless,  when  the 
soul  distributes  her  power,  and  transfers  it,  if  we  may  use  the  expres- 
sion, to  a  certain  mind,  that  is  meant  to  be  instructed  by  the  external 
senses,  and  one  day  to  become  a  rational  mind,  then  all  the  works  of 
the  posterior  world  require  to  be  opened,  and  this,  by  means  of  the 
lungs,  which  conduct  us  upon  the  stage  of  this  world's  Ufe.  The 
life  of  the  soul  in  the  embryonic  body  is  an  order  of  forces  and  opera* 
tions  proceeding  a  priori  ad  paateriora  ;  but  the  Hfe  of  the  body  is  an 
order  of  forces  and  operations  proceeding  a  posteriori  ad  priora  ;  thus 
altogether  the  inverse  of  the  former ;  for  the  human  rational  mind  dis- 
cerns nothing  whatever,  (excepting  the  nature  of  harmonies,)  but  those 
things  which  have  come  from  beneath,  through  the  instrumentality  of 
the  senses.     The  soul  merely  gives  it  the  faculty  of  thinking,   and 
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and  peritonaeum^  thrown  over  all  the  viscera,  connected  by  con- 
tinuity with  their  external  coverings,  and  produced  into  cap- 
sules or  Uttle  sheaths,  that  enswathe  their  several  essential 
determinations,*  proper  vessels,  blood-vessels  and  nerves,  sur- 
round them  with  a  fibrous  tissue,  affect  them  perpetually,  and 
in  fine  penetrate  to  all  their  intimate  organic  principles,  whether 
vesicular  or  glandular.  This  is  most  clearly  seen  in  insects ;  in 
which  the  pulmonic  breath  pervades  the  occult  recesses  of  all 
these  viscera,  and  mounts  into  them,  not  by  the  above  substan- 
tial bridges,  and  extrinsic  reins,  bonds  and  capsules,  but  by  an 
uninterrupted  machinery  of  air-pipes,  and  so  assigns  to  each 
viscus  its  particular  limg,  and  inspires  it  with  its  own  pulmonic 
breath  (r). 

397.  This  pidmonico-atmospheric  air  or  spirit  penetrates  not 
only  into  the  organic  works  enclosed  in  the  peritonaeum,  but  it 
even  invades  the  heart  itself,  the  much  venerated  and  worshiped 
co-regent  with  the  lungs  of  this  Uving  world,  and  the  illustrious 
partner  of  their  bed.  From  it  the  lungs  derive  their  corporeal 
life  and  soul,  namely,  all  its  blood  and  venous  constituents,  as 
well  as  its  tunics,  proper  and  common ;  for  its  praecordia  or  par- 
ticular pleura,  termed  the  pericardium,  passes  in  the  form  of 
a  cellular  and  fibrous  sheath,  round  the  bronchial  ramifications, 
the  arteries,  veins  and  nerves,  to  the  intimate  follicular  clusters 
of  the  lungs,  and  there,  as  in  so  many  centres,  meets  the  ter- 
minations of  the  trachea,  and  enters  into  close  and  intimate 
union  with  them  («).     The  lungs,  in  their  turn,  foster  in  their 

determinmg  the  coDclosions  from  its  thoughts  into  acts,  but  never  con- 
curs more  immediately  to  its  knowledges  and  perceptions.  Hence  the 
inverse  and  analytic  path  which  we  enter  by  birth,  is  not  laid  down  or 
accessible,  until  the  lungs  have  opened  the  scene,  or  drawn  up  the 
curtains  of  our  theatre. 

(r)  See  above,  note  (o).  In  numerous  insects,  the  pulmonary  pipes 
not  only  run  like  vessels  into  the  viscera,  but  here  and  there  expand 
into  fresh  bladders,  or  lungs,  and  pass  irom  these  again,  by  other 
similar  pipes,  into  the  neighboring  organs,  and  so  on  repeatedly.  Re- 
specting these  cases,  see  Swammerdam,  n.  391. 

(«)  On  these  particulars,  see  the  Chapter  on  the  Pericardium,  and 

*  See  the  deAuition  of  essential  determinatioiis,  n.  392,  note  (a). — (Tr.J 
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embrace  this  ruler  of  the  kingdom^  press  him  to  their  breasts  (/), 
and  reciprocate  the  act  of  love ;  for  they  likewise  enter  his  peri- 
cardium with  their  common  coat,  by  means  of  the  mediastinum 
and  the  diaphragm ;  and  they  enter  the  sinus  of  his  left  auri- 
cle, with  all  their  blood,  venous  constitution,  marrow  and  life : 
nay,  they  even  surround  his  great  arteries  and  veins,  the  aorta 
and  the  vena  cava,  with  the  pleura,  with  the  diaphragm,  and 
finally  with  the  periton»um ;  and  more  than  this,  they  enswathe 
his  bifurcations,  I  mean,  the  ischiadic,  spermatic,  and  many 
other  vessels,  with  a  similar  covering  (u).  Thus  the  lungs  ex- 
tend their  action  to  these  parts,  as  well  as  to  their  head,  the 
heart ;  so  that  wherever  the  heart  penetrates  by  means  of  the 
arteries, — ^whithersoever  it  carries  the  circulatory  motion, — 
thither  also  it  brings  with  it  the  spirit  of  the  lungs.  The  heart, 
by  means  of  the  arteries,  diflFuses  the  blood,  or  the  corporeal 
soul,  in  all  directions,  while  the  lungs  afFuse  the  spirit  of  this 
world,  the  ultimate  and  corporeal  spirit.  Hence  the  ultimate 
or  corporeal  life  is  the  result  of  the  union  of  these  two  princi- 
ples, the  preliminary  scene  of  its  drama  being  opened  and  com- 
menced by  the  lungs  at  birth,  when  we  make  our  first  entrance 
upon  the  theatre  of  this  world's  life. 

398.  The  respiration  of  the  lungs  flows  not  only  into  the 
trunk  of  the  body,  but  also  into  the  head,  and  into  its  organs 


the  citation  therein  irom  Lancisi,  n.  419.  "A  capsule  or  tunic,"  says 
Heister,  " .  ,  .  continaous  with  the  pericardium,  .  .  .  encases  the  ves- 
sels of  the  lungs,  that  is,  the  pulmonary  artery  and  vein,  and  the 
bronchia,  both  outside  the  longs  and  in  their  substance,  in  the  same 
manner  as  the  capsule  of  Glisson  encases  the  vessels  of  the  liver" 
(n.  385).  This  capsule,  according  to  \^nslow,  is  identical  with  the 
cellular  tissue  embracing  the  pulmonary  vessels ;  see  n.  387. 

(t)  Respecting  the  manner  in  which  the  lungs  cover  and  invest  the 
heart,  see  Winslow.    Ibid. 

(u)  Whether  the  pleura,  the  diaphragm,  the  peritonaeum,  or  the 
lungs  themselves,  encase  the  vessels  of  the  heart,  it  will  amount  to  the 
same  thing ;  for  the  lungs  act  upon  the  enclosed  viscera  by  the  media- 
tion of  those  coverings.  Whatever  is  attributed  to  the  cause  must 
also  be  attributed  to  the  cause  of  the  cause.  The  last  e£fect  is  pro- 
duced by  the  first  cause,  through  intermediate  causes. 
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of  motion  and  sensation  (^) ;  and  in  fact  to  the  cerebrum,  the 
very  fountain  of  its  motion,  to  which  it  rises  in  infinite  streams, 
as  it  were  in  meanders  and  circles,  and  associates  itself  with  the 
reciprocal  respirations,  or,  as  we  term  them,  the  animations  of 
the  cerebrum.  Thus  the  lungs,  and  the  brains  with  the  me- 
dulla oblongata  and  spinalis,  are  synchronous  in  their  respective 
animations  and  spirations  {y) ;  and  this,  in  order  that  causes 
may  act  harmonically,  and  conspire  in  operation,  with  effects ; 
things  prior  with  things  posterior ;  and  the  spirit  of  the  soul 

(x)  This  is  evident  from  the  actual  effect,  and  from  the  connexion 
between  the  parts  involved :  from  the  effect,  when  the  lungs  are  filled 
to  the  greatest  degree,  namely,  in  that  the  face  and  its  organs  swell  and 
grow  red  :  from  the  connexion  between  the  lungs  and  the  head,  through 
the  membranes,  the  muscles,  the  trachea  and  the  larynx,  &c. 

(y)  The  animations,  or  elevations  and  constrictions,  of  the  cere- 
brum and  cerebellum,  cannot  fail  to  be  synchronous  with  the  respira- 
tions of  the  lungs :  otherwise  the  longs  could  not  conspire  to  the  same 
effects  as  the  brains.  Putting  aside  the  arguments  and  inductions  de- 
rivable from  the  anatomy  and  connexion  of  substances,  this  statement 
is  confirmed  by  the  subordinations  and  mediations  of  all  the  causes  that 
enter  and  constitute  each  particular  effect ;  as  in  the  present  case  by  the 
fact  that  the  lungs  concur  in  the  most  absolute  manner  to  every  action 
originating  from  and  ordered  by  the  brains.  The  complete  concordance  is 
perfectly  manifest  from  all  actions.  Thus  when  the  mind  is  thinking 
very  intently,  and  breathing  tacitly  and  slowly,  then  the  lungs,  elevated 
to  a  certain  degree,  appear  in  like  manner  to  keep  silence,  and  to  send 
out  and  draw  in  the  air  almost  imperceptibly,  so  as  not  to  disturb  the 
analyses  of  the  rational  mind  by  any  motion  on  their  part.  On  the 
other  hand,  when  the  mind  is  heated  with  passion,  and  the  cerebrum 
acts  tumultuously,  and  as  it  were  swells  and  surges,  then  the  lungs 
likewise  boil  up.  The  same  is  the  case  in  all  the  other  affections  of  the 
rational  and  animal  minds.  In  the  first  Chapter  in  this  Part,  in  treat- 
ing of  the  Nose,  we  shewed  that  the  cerebrum  is  excited  to  its  anima- 
tory  reciprocations  by  external  causes,  every  time  the  odoriferous  par- 
ticles of  the  air  strike  and  affect  the  fibres  of  the  olfactory  nerves, 
which  are  the  organs  of  the  sense  of  smell.  Hence  it  is  that  the  lungs 
communicate  their  respiratory  actions  so  extensively,  in  short,  to  all 
points  of  the  body ;  for  whithersoever  the  fibres  of  the  cerebrum  and 
cerebellum,  and  their  modifications,  penetrate,  thither  also  goes  the 
breathing  motion  or  action  of  the  lungs.     See  n.  424,  425. 


Digitized  by  VjOOQ IC 


158  THE    ANIMAL    KINGDOM.  p 

with  the  spirit  of  the  body ;  and  in  order  that  there  may  be  an 
influx  and  reflux  of  the  one  into  the  other.  On  these  accounts^ 
the  pulmonic  engines  or  bellows  rise  precisely  at  the  same  mo- 
ments that  the  cerebrum  inspires  its  costal,  and  the  cerebellum 
its  sympathetic  nerves  (z). 

{z)  It  is  a  truth  constantly  presented  to  us  as  the  result  of  all  our 
analytic  investigationsx  that  every  action  of  the  cerebrum  and  cere- 
bellum is  determined  through  the  fibres ;  and  that  the  fibres  cannot  be 
determined  into  act,  excepting  by  their  beginnings  or  principles;  in 
short,  by  the  organs  that  are  prefixed  to  those  fibres.  The  latter  must 
certainly  be  excited  to  motion  by  their  principles,  and  commence  and 
describe  their  motion  in  this  way.  It  is  absurd  to  suppose  that  any 
action  can  begin  in  the  middle  of  a  fibre,  and  not  in  its  first  terminus. 
If  then  it  begin  in  the  first  organs,  it  must  inevitably  begin  in  the 
cortical  glands,  for  the  fibres  commence,  and  are  conceived  and  pro- 
duced, in  those  glands,  and  the  arterial  vessels  of  the  cerebrum  termi- 
nate also  in  them.  Hence  if  the  principles  of  motion  exist  in  them, 
according  to  all  physical  and  philosophical  laws,  as  mutually  confirmed 
by  and  confirming  each  other,  those  principles  must  necessarily  com- 
mence by  a  kind  of  active,  living,  or  locomotive,  reciprocal  force,  that 
is,  by  a  kind  of  expansion  and  constriction,  or  systole  and  diastole, 
such  as  we  observe  in  a  gross  form  in  the  lungs  and  heart ;  for  the 
same  conditions  are  involved,  whether  the  spirit  is  to  be  driven  through 
the  fibres,  or  the  blood  through  the  vessels.  The  blood  cannot  be 
driven  through  its  arteries  without  the  reciprocal  expansion  and  con- 
striction of  the  heart ;  nor  can  the  spirit  be  driven  through  the  fibres, 
which  are  little  canals  and  vessels  analogous  to  the  arteries,  only  more 
pure,  without  the  reciprocal  expansion  and  constriction  of  the  cortical 
glands  of  the  cerebrum,  which  on  this  accoimt  deserve  the  appellation 
of  pure  corcula  or  httle  hearts.  Assuming  or  granting  these  points, 
the  necessary  consequence  is,  that  every  time  the  cortical  and  cineritious 
substance  of  the  cerebrum,  cerebellum,  medulla  oblongata  and  medulla 
spinalis,  contracts,  or  constringes  itself,  the  whole  mass  of  these  parts 
sinks  down,  and  undergoes  sjrstole;  but,  on  the  other  hand,  under- 
goes diastole,  when  the  same  substance,  I  mean,  the  whole  congeries, 
expands.  This  is  the  animation  of  the  cerebrum, — using  the  term 
cerebrum  in  its  widest  acceptation, — that  corresponds  to  the  respiration 
of  the  lungs.  We  must  now  proceed  a  step  farther.  If  the  animal  or 
nervous  spirit,  at  the  intervals  of  the  constriction  of  these  organic  sub- 
stances,— of  the  httle  hearts  of  the  cerebrum, — is  expressed  by  the 
cerebrum  through  the  nerves  and  nervous  fibres,  of  course  it  is  ex- 
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399.  Prom  these  premises  it  follows,  that  the  lungs  are  the 
organs  which  open  the  scene  of  corporeal  life,  and  constitute 
the  gymnasium  of  its  exercises ;  for  by  wonderful  influx  they 
conspire  in  the  way  of  general  assistance  to  all  its  motions, 
eflects  and  actions,  common  and  particular,  natural  and  volun- 
tary {a).    For  this  end,  the  universal  fabric  of  the  body,  and 

pressed  by  the  cerebellum  mto  its  grand  sympathetic  nerves,  the  par 
vagum  and  the  intercostals :  and  granting  this,  it  follows,  that  these 
nerves  act  during  the  same  intervals,  upon  the  fibres  of  the  pulmonary 
plexus,  and  upon  the  fibres  of  the  costal  nerves  ;  which  cannot  fail  on 
the  instant  to  act  upon  their  muscles,  and  membranes ;  nor  the  latter 
to  act  upon  the  ribs,  and  thus  upon  the  internal  structure  of  the  lungs. 
Hence  it  follows  that  the  animations  of  the  cerebrum,  (using  the  term 
here  again  in  its  widest  sense,)  must  necessarily  be  coincident  with  the 
respirations  of  the  lungs  :  and  the  fact  is  still  more  plainly  declared  by 
the  influx  of  the  fibres  of  the  above-mentioned  cerebellar  nerves,  the 
par  vagum  and  the  intercostal,  into  all  the  viscera  of  the  abdomen ; 
and  by  the  motions  of  those  viscera  agreeing  exactly,  and  keeping 
perfect  time,  with  the  respiratory  motions  of  the  lungs,  as  proved  in 
detail  in  our  Analyses. 

(a)  If  we  only  observe  attentively  one  or  two  voluntary  or  natural 
actions,  and  at  the  time  they  are  going  on,  fix  our  thoughts  upon  the 
operations  of  the  lungs,  we  shall  be  convinced  that  the  latter  flow  with 
their  respiration  into  all  those  actions.  For  instance,  if  we  follow  this 
course  with  the  act  of  sneezing,  yawning,  eating,  wrestling,  leaping, 
speaking  with  gesticulation,  coition,  or  any  of  the  numerous  actions 
specified  above  (n.  374),  we  shall  prove  the  point  to  complete  satisfac- 
tion from  our  own  experience :  and  indeed  any  good  anatomist  will 
indicate  the  particular  muscles  that  are  called  into  play,  and  shew  how 
the  lungs  accommodate  themselves  to  the  respective  inflexions  of  those 
muscles.  It  would  be  useless  to  descend  for  proof  to  the  description  of 
any  specific  action  ;  for  were  we  to  trace  one  action  through  many,  per- 
haps through  all,  of  the  muscles  of  the  trunk,  arms  and  legs, — were  we 
to  state  that  this  action  was  produced  by  the  pectoral,  deltoid  and  sub- 
clavius  muscles,  by  the  serratus  anticus  major,  serratus  anticus  minor, 
rhomboideus,  cucullaris,  latissimus  dorsi,  sacro-lumbalis,  quadratus,  and 
a  multitude  of  other  muscles,  of  both  regions,  and  both  quarters  of  the 
body  ;  and  in  fact  by  such  and  such  fibres  or  fascicles  of  those  muscles; 
and  that  at  the  time,  the  lungs  were  inflated,  extended,  contorted, 
raised,  or  depressed,  in  such  or  such  a  manner ;  were  we,  I  say,  to 
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all  its  organic  works,  are  so  mutually  connected  and  coherent, 
that  there  is  no  point  whither  the  pidmonic  respiration  does  not 
penetrate ;  nor  is  there  a  single  fibre  of  a  nerve  which  the  lungs 
do  not  by  a  general  assistance  excite  to  action :  most  manifestly 
does  this  apply  to  the  nerves  and  twigs  of  the  par  vagum  and  of 
the  great  intercostal,  which  are  the  principles  of  the  natural 
operations  (A) ;  likewise  to  the  nerves  of  the  medulla  oblongata 
and  spinalis,  which  although  determined  by  the  cerebrum,  yet 
in  the  body  are  themselves  determinant  of  the  actions  of  the 

take  this  course,  what  light  would  come  from  it  to  enlighten  or  steady 
the  mind?  The  most  probable  effect  of  such  a  multitudinous  catalogue 
of  imknown  details,  would  be,  to  precipitate  the  mind  from  light,  into 
the  darkness  of  doubt,  or  interpose  clouds  between  it  and  the  rays  [of 
its  sun].  For  this  reason,  I  have  deemed  it  prudent  to  abstain  as  far 
as  possible  from  heaping  up  particulars  of  the  kind ;  and  every  one  will 
assuredly  take  the  same  course,  whose  object  is,  not  to  gain  a  reputa- 
tion for  abstruse  learning,  but  to  investigate  truths  alone,  and  nakedly 
set  them  forth. 

(6)  You  will  find  this  point  established  in  the  Chapters  on  the 
Pharynx  and  Oilsophagus,  and  on  the  Trachea :  for  the  large  nerves 
mentioned  above,  descend  along  the  vertebrae,  and  there  fix  their  gan- 
glia, conducting  and  collecting  into  them  a  host  of  nerves  from  the 
spinal  marrow.  Some  of  their  trunks  and  fascicles  plunge  into  the 
oesophagus,  and  go  forth  into  the  stomach  about  the  cardia  or  superior 
orifice ;  some  penetrate  the  fleshy  part  of  the  diaphragm ;  others,  par- 
ticularly the  trunks,  clothe  themselves  with  the  pleura,  in  a  word, 
choose  the  path  that  runs  down  the  middle  of  the  stream  of  the  pul- 
monary motion.  Hence,  when  the  lungs  respire,  and  when  likewise 
the  vertebrae,  the  oesophagus,  the  diaphragm,  the  pleura,  and  the  peri- 
tonaeum, are  carried  beyond  their  natural  situations, — then  the  respira- 
tory action  of  the  lungs  must  necessarily  be  communicated  to  those 
nerves ;  and  the  effect  must  be,  that  the  motive  fibres  of  all  the  vis- 
cera, which  fibres  are  entered  by  those  nerves,  will  be  excited  to  a 
similar  action.  For  according  to  all  experience,  whenever  a  nervous 
fibre  is  dragged  or  chafed,  the  motive  fibre  constructed  by  the  nerve  of 
the  former  fibre,  is  excited  to  action.  If  this  be  so,  the  animation  of 
the  brain  and  the  respiration  of  the  lungs  cannot  possibly  differ  or  dis- 
agree. Were  it  otherwise,  a  manifold,  and  in  fact  contrary  action 
would  fall  upon  one  and  the  same  nerve,  and  no  action  at  all  could  be 
the  result. 
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will(c).  Wlule  the  cerebrum  and  cerebellum^  by  their  rising 
and  constriction^  that  is  to  say^  by  their  animation^  inspire  all 
these  nerves  with  hving  spirit,  then  the  lungs  for  their  part, 
by  an  analogous  and  consociate  rising  and  constriction,  that  is 
to  say,  by  their  respiration,  inspire  them  with  an  active  and 
cooperating  spirit,  and  carry  on  the  causes  to  the  e£Pect :  thus 
the  lungs,  in  a  secondary  manner,  incite  and  drive  into  circu- 
lation the  very  spirit  of  the  nerves,  or  as  it  is  termed  the  animal 
spirit.  In  order  to  enable  the  lungs  to  perform  these  ministra- 
tions, a  peculiar  organic  form  is  bestowed  upon  them,  and  a 
natural  faculty  implanted  in  the  form,  whereby  they  have  a 
free  power  of  admitting  any  given  quantity  of  the  wind  or 
atmosphere,  and  of  opening  in  any  direction,  and  any  door  they 
please,  and  thus  disposing  themselves,  by  means  of  the  mus- 
cles of  the  thorax,  abdomen,  and  neck,  that  is  to  say,  by  means 
of  all  the  muscles  of  the  body,  to  every  possible  angle  of  direc- 
tion and  mode  of  formation  {d) ;  and  therefore  of  accommo- 

(c)  This  follows  from  the  first  proposition,  namely,  that  the  respira- 
tion of  the  lungs  extends  to  all  points  of  the  body,  consequently  also 
to  all  the  nervous  fibres,  both  those  of  nature  and  those  of  the  will : 
and  if  action  proceeds  ^m  the  nervous  fibres,  it  follows  that  the  lungs 
concur  by  their  respiration,  to  every  action. 

(d)  That  only  the  external  muscles  are  made  use  of,  to  induce 
upon  the  lungs  the  various  states  of  respiration,  that  is,  to  close  and 
open  the  pulmonary  pipes,  or  to  fill  one  set  of  vesicles  with  air,  and  to 
empty  another  set,  and  thus  to  accommodate  the  lungs  to  every  form  of 
action, — this  follows  from  our  premises ;  for  all  is  voluntary  that  is 
communicated  to  the  lungs  by  the  external  muscles  ;  but  all  is  natural 
that  comes  to  them  from  the  nerves  of  nature,  that  is,  of  the  cere- 
bellum :  the  will  acts  from  without  to  within,  but  nature,  from  within 
to  without.  1£  we  examine  one  or  two  actions,  and  consider  the  infiu- 
ence  of  the  respiration,  it  will  become  evident,  that  all  the  muscles  of  the 
body  may  be  instrumental  for  the  above  purpose ;  for  according  as  they 
variously  expand  or  constrict  the  thorax,  and  open  the  field,  that  is, 
enlarge  the  space,  so,  and  not  otherwise,  do  the  lungs  rise  and  swell. 
The  adaptation  of  the  lungs  to  the  actions  of  the  will  by  the  external 
muscles,  is  more  manifest  in  the  action  of  speech,  than  in  any  of  the 
other  actions  of  the  body  ;  and  hence  the  varieties  of  this  motion  are 
so  great  that  they  seem  contradictory  to  each  other.    Thus  it  is  brought 

VOL.  II.  PART  II.  CHAP.  IV.  M 
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dating  themselves^  by  infinitely  varying  states^  to  what  is  done, 
and  to  what  is  to  be  done.  For  this  end,  the  pulmonary  air- 
pump  is  divided  through  the  middle  into  two  lungs,  which  are 
parted  and  separated  by  the  mediastinum  (e) ;  these  lungs  are 
divided  into  lobes  by  deep  notches  and  fissures  (/) ;  these  lobes 
again  into  lobules,  which  hang  like  clusters  from  the  branches 
of  the  pulmonic  vine ;  and  these  lobules,  in  fine,  into  vesicles 
representing  single  grapes  (g),   which  are  the  chambers  and 

about  with  contraction  of  the  chest  and  stemom,  with  extension,  with 
depression,  with  elevation  ;  with  a  diversity  of  bendings  of  the  verte- 
bral column,  and  with  the  straightening  out  of  the  same ;  so  that  it  is 
impossible  to  determine  what  muscle  is  about  to  operate  upon  the  cavity 
of  the  thorax,  unless  the  action  be  previously  given  or  assumed.  At 
one  time  there  is  a  powerful  action  of  the  subclavius,  serratus,  trapezius, 
latissimus  dorsi,  and  of  many  of  the  cervical  and  even  lumbar  muscles ; 
at  another  time  of  one  or  another  of  the  abdominal  muscles,  or  of  the 
diaphragm  and  all  of  them  at  once ;  at  another  time  again,  of  the  ver- 
tebral, intercostal  and  sternal  muscles.  Nevertheless,  all  these  muscles 
do  no  more  than  adapt  the  trunk  of  the  body  to  the  arms,  forearms, 
legs  and  feet,  and  thus  expand  or  constrict  the  chamber  of  the  thorax 
in  divers  ways,  either  inferiorly,  superiorly,  anteriorly,  or  posteriorly, 
in  every  possible  direction. 

(e)  "  The  lungs,"  says  Winslow,  "  are  two  .  .  .  bodies,  .  .  .  filling 
the  whole  cavity  of  the  thorax,  one  being  seated  in  the  right  side,  the 
other  in  the  left;  parted  by  the  mediastinum  and  the  heart,"  &c. 
(n.  387). 

(/)  It  is  weU  known  that  the  lungs  are  subdivided  into  lobes,  the 
right  lung  into  three,  or  two  and  a  half,  and  the  left  into  two :  the  divi- 
sions are  efiPected  by  obliquely-transverse  fissures ;  and  by  these  means 
the  lungs  in  expanding  are  enabled  to  take  advantage  of  all  the  space  in 
the  cavity  of  the  thorax.  Respecting  these  fissures  Verheyen  says, 
*^  Both  the  large  lobes  are  subdivided  into  at  least  two  others,  and  one 
of  them  often  into  three,  or  even  four,  by  certain  fissures  running  from 
the  anterior  margin  toward  the  back  part,  and  of  varying  depth :  these 
fissures,  however,  so  far  as  I  have  observed,  never  penetrate  so  com- 
pletely as  to  cut  a  large  lobe  quite  through."  (Corp.  Hum.  Anat,,  tract, 
iii.,  cap.  xii.) 

(ff)  The  reader  will  find  these  parts  accurately  delineated  in  the 
tables  of  Malpighi,  Willis,  Bidloo  and  Verheyen.  Respecting  the 
vesicles,  and  the  collections  thereof  termed  lobules,  see  their  discoverer. 


Digitized  by  VjOOQ IC 


THB    LUNOS.  163 

receiying-rbcHiiB  of  the  air  that  has  been  permitted  to  enter. 
For  the  same  end  also  each  bronchial  passage  is  capable  of  be- 
ing opened  and  shut  ad  libitum  (h),  particnlarly  in  its  subordinate 
branches  and  ramifications^  and  in  the  doors  leading  to  the 
lobules  and  vesicles^  by  an  adaptation  of  external  forces^  and 
through  the  intervention  and  influence  of  the  ligament  upon 
the  common  coat  of  the  lungs.  Furthermore,  every  lobule  and 
vesicle  has  the  power  of  transmitting  its  own  gentle  zephyr 
through  convenient  anastomoses  into  the  adjoining  vesicles,  and 
thereby  into  the  remote  vesicles  (i) ;  and  thus  of  dispensing  the  . 
air  to  every  form  of  action,  and  to  every  use  residting  there- 
from ;  as  may  be  seen  still  more  plainly  in  the  universal  lungs 
of  the  insect  tribes  (*). 

Malpighi,  as  cited  above,  n.  388 ;  and  respecting  the  mediate  operation 
of  the  pulmonary  hgament,  see  above,  n.  394  (n). 

(h)  See  above,  note  (d), 

(t)  Certain  little  branches  or  ducts  of  communication  run  between 
the  lobules,  vesicles,  and  tubular  ramifications;  and  by  their  instru- 
mentality, the  particular  air  of  one  lobe  is  enabled  to  become  the  com- 
mon breath  of  all :  thus  the  air  is  summoned  from  one  lobule  into 
another,  according  to  every  requirement,  and  every  state  of  expansion 
and  contraction ;  and  hence  the  air  being  once  given,  the  lung  is  most 
perfectly  adapted  by  it,  which  could  not  be  the  case  if  new  breath  were 
constantly  drawn  in  by  the  trachea.  This  arrangement  appears  to  be  of 
the  greatest  use  in  the  operations  of  speaking,  singing,  and  eating. 
By  its  means,  as  we  find  by  experience,  the  cavity  of  the  chest  may  be 
disposed  variously  to  a  single  action,  that  is,  to  every  form  thereof, 
while  the  quantity  of  air  remains  the  same.  For  if  we  hold  the  breath, 
we  may  still  in  a  degree  vary  the  expansions  of  the  lung,  and  accom- 
modate them  to  the  series  of  the  action.  Respecting  the  above  com- 
munication Winslow  says,  "  The  cells  or  vesicles  of  each  lobule  have  a 
free  communication  with  each  other,  but  the  several  lobules  do  not 
communicate  so  readily"  (n.  387).  And  Malpighi  says,  **  Between 
these  membranes  [in  the  interstices  of  the  lobules]  run  a  vast  number 
of  most  minute  vessels,  coming  from  the  lobules,  and  which  go  to  the 
opposite  lobules.  The  air  is  received  and  thrown  out  by  these  mem- 
branes, as  it  were  by  large  intercommunicating  cavities,  and  hence  it 
may  be  squeezed  from  one  into  another"  (n.  388). 

(k)  For  example,  in  the  louse,  in  which,  according  to  Swammer- 
dam's  description,  "  From  every  respiratory  point  there  runs  a  branch 

m2 
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400.  The  lungs  also  associate  and  marry  the  voluntary  mo- 
tive life  which  originates  from  the  cerebrum,  with  the  natural 
motive  life  which  flows  from  the  cerebellum;  that  is  to  say, 
during  the  waking  state,  when  the  will  is  dominant,  and  nature 
lies  as  it  were  asleep.  At  this  time  the  bronchial  pipes  are 
half  opened,  the  air  vesicles  half  distended,  the  common  ways 
or  pedicles  open,  the  doors  unlocked,  and  the  vessels  and 
membranes  so  intent  upon  the  commands  and  wishes  of  their 
ruler,  that  at  the  first  intimation,  they  turn  their  hinges, 
.  and  promptly  rush  into  obedience.  Such  is  the  waking  stsAe 
of  the  lungs,  and  there  is  a  similar  state  of  all  the  muscles 
and  sinews  of  the  body,  because  there  is  a  correspondrag 
state  of  the  cerebrum  in  the  day  time,  when  it  holds  the 
reins  of  the  will(/).      Nevertheless,   nature  shares   the  em- 

of  the  trachea,  which  soon  anastomoses  with  some  other  branch  pro- 
ceeding from  another  point,  and  both  close  into  one  canal ;  ...  so  that 
the  air  which  is  drawn  into  the  body  by  one  respiratory  point,  may  be 
conveyed  through  the  whole"  (n.  391).  And  in  the  rhinoceros  beetle, 
*'  From  the  apices  of  the  vesicles  .  .  .  other  pipes  break  out  laterally, 
which  after  again  dilating  into  vesicles,  in  their  turn  form  air  branches, 
vesicles,  and  pipes.  ...  It  is  likewise  observed  that  many  tubes  occa- 
sionally arise  from  one  vesicle.''  (Ibid.) 

(/)  It  will  be  seen  when  we  come  to  treat  of  the  anatomy  of  the 
cerebrum,  that  the  sbbstances  thereof,  and  particularly  the  cortical  sub- 
stance, are  divided  by  perpetoal  interstices  and  fissures,  forming  one 
uninterrupted  passage  and  permeable  channel ;  and  that  during  sleep 
these  interstitial  apertures  are  closed,  and  almost  obliterated  by  the 
approximation  of  their  parietes  ;  and  that  hence  the  cerebrum  collapses 
or  falls  down  in  sleep:  but  that  when  we  awake, — ^when  sleep  is 
shaken  ofi", — these  foldings  and  interstices  reopen,  their  parietes  sepa- 
rate, and  their  space  is  increased  ;  in  which  case  the  cerebrum  may  be 
said  to  waken  up,  and  to  employ  its  attention  upon  the  several  functions 
of  the  organs  of  the  body.  These  points  proved,  the  consequence  is, 
that  during  complete  wakefulness  the  cerebrum  remains  expanded,  and 
elevated  to  a  certain  height,  the  height  being  determined  by  the  degree 
of  wakefolness  and  attention :  so  likewise  its  whole  appendage  of  fibres, 
that  is,  the  whole  body,  which  assumes  exactly  the  state  as  well  as  tone 
of  its  cerebrum.  Of  this  also  we  have  a  clear  perception,  that  during 
wakefulness,  everything,  in  every  part  of  the  body,  enjoys  a  kind  of 
tension ;  consequently  some  parts,  according  to  their  organic  form,  are 
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pire  with  the  will,  for  the  latter  only  constringes  the  nerves  and 
reins  of  the  body,  and  keeps  them  constricted  and  drawn  up, 
so  long  as  it  pleases ;  but  as  soon  as  it  relaxes  its  hold,  then 
nature  takes  up  the  goyemment,  and  performs  the  contrary 
operation ;  as  when  we  draw  a  bow,  and  then  releasing  it,  shoot 
off  the  arrow,  in  which  case  the  first  act  belongs  to  the  will,  the 
second,  to  nature,  for  the  loosened  string  bounds  back  sponta- 
neously, and  the  arrow  flies  to  its  aim  (m).  Inasmuch  as  this 
drawing  and  straining  of  the  fibres  continues  in  various  degrees 
during  the  day,  according  as  the  will  commands,  it  follows  that 
the  costal  nerves  and  muscles,  being  in  a  corresponding  state, 
keep  the  lungs  semi-expanded  and  raised,  and  consequently 
perfectly  ready  to  afford  any  desired  cooperation ;  and  thus 
render  the  voluntary  actions  alternate  with  the  natural  actions. 
401.  Although  during  ordinary,  tranquil,  and  spontaneous 
respiration,  the  government  is  shared  between  nature  and  the 


contracted ;  others  are  expanded ;  the  muscular  fibres  particularly  enjoy 
a  kind  of  general  elevation,  which  places  them  in  perfect  readiness  to 
execute  every  command  of  the  will ;  and  in  order  that  the  state  of  their 
body  may  be  similar  to  the  state  of  their  cerebrum,  the  motive  fibres 
must  be  comparatively  separated  from  each  other,  and  all  contracted  or 
expanded  to  a  certain  degree.  When  contracted,  then  those  of  the 
lungs  are  half  opened,  and  so  brought  into  the  state  in  which  the  air 
can  flow  in  and  out  with  facility.  The  reverse  is  the  case  in  sleep,  and 
then  consequently,  we  have  stertor,  attended  with  deep  and  slow  respira- 
tion. This  is  the  general  voluntary  principle  that  prevails  throughout 
our  waking  hours ;  the  vast  difference  between  which,  as  a  state,  and 
the  natural  state  or  that  of  perfect  repose,  must  be  evident  from  a  mere 
comparison  of  the  two. 

(m)  These  points  were  explained  above,  n.  394,  note  (m).  From 
what  was  there  said  it  is  evident,  that  the  voluntary  principle  has  a 
continual  tendency  to  strain  whatever  is  natural,  or  constituted  by 
nature,  beyond  its  situation,  relations,  and  state ;  and  that  it  is  neces- 
sary that  nature  should  be  as  continually  restoring  the  latter  conditions; 
which  is  the  reason  of  the  alternate  rest  provided  by  means  of  sleep. 
For  nature  proceeds  from  an  intimate  ground,  in  order  and  continuous 
series,  to  external  things ;  but  the  will,  in  a  contrarious  torrent,  from 
external  grounds  towards  internal  things.  Wherefore  the  muscles  sub- 
ject to  the  will  occupy  the  extreme  circumference  of  the  body. 
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will,  yet  in  the  concurrence  of  the  respirations  with  actions 
originating  from  the  mind,  the  will  engrosses  nearly  the  whole 
of  the  power,  and  pushes  nature  from  her  throne  to  a  low  and 
humble  seat;  for  besides  the  intercostal  and  other  muscles, 
which  minister  to  the  lungs  in  respiration  both  by  day  and 
night,  the  will  also  calls  into  action  several  others,  belonging 
to  the  breast,  the  neck,  the  head,  the  abdomen,  and  the  back, 
and  marshals  them  in  battle  array  against  the  forces  and 
efforts  of  nature.  The  muscles  to  which  I  allude,  are  the  pec- 
torales,  serrati,  rhomboideus,  cucullaris,  abdominales,  and  many 
others,  which,  equally  with  those  before  mentioned,  raise, 
depress,  extrude,  slant,  and  twist  the  ribs,  the  yertebrse,  and  the 
diaphragm,  according  to  the  simultaneous  or  successive  deter- 
mination of  the  fibres,  more  or  less  numerous,  which  are  called 
into  action  by  the  command  of  the  will  (n).  By  these  auxiliaries, 

(n)  In  ordinary,  or  tranquil  diurnal  respiration,  which  is  very  similar 
to  nocturnal  respiration,  the  only  muscles  called  into  action,  are  the 
intercostals,  and  certain  others  that  are  supplied,  and  summoned  to 
combined  operation,  by  the  branches  of  the  costal  nerves.  But  the 
case  is  widely  different  in  extraordinary  inspiration  and  expiration,  as  in 
wrestling,  severe  or  laborious  exercise,  the  evacuation  of  the  bowels  or 
the  bladder,  and  the  numerous  other  actions  mentioned  above,  n.  374. 
If  we  make  trial  in  our  own  persons,  we  shall  clearly  perceive,  that  for 
every  different  action,  the  ribs  have  to  be  raised  differently,  the  ver- 
tebrse  to  be  revolved  or  twisted  differently,  the  diaphragm  hollowed 
differently,  in  short  the  carity  of  the  thorax  formed  or  shaped  differ- 
ently, that  the  effect  may  be  communicated  thereby  to  the  lungs,  and 
their  inspirations  and  expirations.  And  so  much  is  this  the  case,  that 
in  one  and  the  same  action,  before  its  entire  series  is  gone  through,  we 
have  sometimes  to  play  upon  all  the  muscles  that  cover  and  protect  the 
circumference  of  the  body.  The  muscles  that  are  made  use  of  in  such 
extraordinary  respiration,  are  properly  voluntary  muscles,  for  at  night 
they  may  be  said  to  fall  asleep,  and  to  operate  but  little  upon  the  ribs. 
But  as  they  are  fixed  by  their  tendons  and  extremities  to  the  ribs  and 
vertebrae, — I  allude  to  the  serrati,  pectondes,  and  other  muscles, — they 
determine  variously  the  carity  of  the  thorax,  and  consequently  the  re^ 
spirations  of  the  lungs,  and  adapt  them  to  the  actions  of  the  body ; 
and  frequently  expand  the  parts  beyond  their  natural  standard  of  intu- 
mescence, as  well  as  on  the  other  hand  compress  them  below  that  of 
detumescence :  so  that  it  becomes  necessaiy  for  nature  to  operate  in  a 
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the  will  not  only  inspires  Imd  keeps  up  the  lungs^  but  also 
empties  and  compresses  them^  and  according  to  the  degree  of 
wakefulness^  intensity^  and  presence  of  mind  in  the  actions, 
seizes  the  department  and  province  of  nature,  and  prostrates 
her  authority. 

402.  In  addition  to  their  concurrence  to  the  voluntary  ac- 
tions of  the  cerebrum,  the  lungs  also  superadd  something  &om 
their  own  powers  and  properties,  namely,  a  certain  hardness, 
strength,  softness,  gentleness,  or  some  other  similar  endow- 
ment (o) :  and  moreover,  all  that  the  animal  mind  communicates 

coDtraiy  way^  by  an  effort  of  parts  to  their  natural  situation,  relation  or 
nexus,  and  equilibrium,  and  thus  to  concur  even  to  inspiration ;  whereas 
in  ordinary  respiration  she  concurs  only  to  expiration.  Thus  when  a 
spring  is  ndsed  by  an  external  force,  it  rebounds  spontaneously  by  its 
own  elasticity ;  but  when  depressed  by  an  external  force,  it  rises  up 
and  restores  itself  by  virtue  of  the  same  power  :  which  is  the  reason 
why  in  certain  forms  of  action,  nature  appears  to  concur  to  inspiration 
as  well  as  to  expiration.  According  to  the  law  laid  down  above,  all  the 
voluntary  muscles,  when  excited,  tend  to  alter  the  natural  state ;  and 
when  they  act  violently,  which  they  do  in  proportion  to  their  tension, 
[or  the  intensity  of  the  will,]  they  then  undertake  the  very  functions 
that  nature  herself  should  perform,  and  in  this  case  leave  her  very 
little  to  do.  Meantime,  however,  nature  cannot  fail  to  suffer,  and  to 
stand  in  need  of  prolonged  repose  and  sleep,  before  she  can  restore  to 
their  proper  position  and  relation,  the  parts  that  have  received  mischief, 
or  been  disturbed  by  such  unwonted  tension  and  exertion. 

(o)  This  must  be  said  to  be  in  a  certain  sense  proper  to  the  lungs, 
although  it  is  a  kind  of  common  effort,  and  the  same  as  the  effort  of 
the  cerebrum  through  the  nerves.  But  the  cerebrum  cannot  possibly 
produce  effects  of  this  kind,  without  the  common  assistance  of  the 
lungs.  For  instance,  in  wrestling,  personal  combat,  and  similar  trials 
of  strength,  imless  the  lungs  be  forcibly  inflated  by  means  of  the 
brachial,  deltoid,  and  pectoral  muscles,  &c.,  and  the  air  powerfully 
condensed  in  them, — the  body,  chest  and  arms  would  never  get  the 
strength,  support,  and  hardness  that  are  requisite  for  such  encounters. 
So  even  in  natural  operations,  as  in  the  extrusion  of  the  faeces, — 
unless  the  lungs  pressed  stoutly  upon  the  diaphragm,  the  vertebrse,  and 
occasionally  upon  the  abdominal  muscles,  and  by  these  means  upon  the 
stomach  and  intestines,  and  specifically  upon  the  colon,  the  full  effect 
could  never  be  concentrated  upon  the  rectum ;   the  effect,   I  mean. 
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to  the  will,  the  will  communicates  to  the  pulmonic  breath,  and 
this,  to  the  actions.  Thus  the  lungs  not  only  enter  the  forms  of 
actions,  in  the  way  of  provisional  and  corporeal  principles,  but 
also  inspire  them  with  a  kind  of  fire;  and  thereby  represent 
them  in  ultimate  effects  precisely  such  as  they  are  intended  to 
be  in  first  principles  (p).  This  is  more  clear  from  the  diminutive 
actions  of  the  larynx,  namely,  from  sounds  and  speech,  than 
from  any  of  the  other  actions  of  the  body. 

403.  The  lungs  extend  the  power  of  their  breathing-appa- 
ratus not  only  around  and  below  themselves  into  the  viscera  and 
masses  of  the  body,  but  also  in  an  especial  manner  above  them- 
selves into  the  trachea,  the  larynx,  and  the  palate,  with  which 
they  concur  to  produce,  exalt,  and  regulate  the  sounds  of  sing- 
ing and  speech,  in  the  same  manner  as  the  uterus  concurs  to 
conceive,  nourish,  and  give  birth  to  the  offspring  -,  and  this,  by 
so  wonderful  a  power,  that  they  can  cunningly  apply  themselves 

arising  from  the  aggregation  of  forces.  Thb  is  particularly  conspicuous 
in  minute  winged  insects ;  before  they  can  expand  their  wings,  feet, 
legs,  proboscis,  and  claws,  they  are  obliged  to  fiU  their  pulmonary 
pipes  with  air,  until  they  become  quite  tense  and  hard,  which  gives 
their  bodies  strength  and  stiffness,  and  enables  them  to  creep  and  fly. 
See  Swammerdam  above,  n.  391.  The  above  fact  is  observed  in  the 
ephemerus,  the  silk- worm,  and  the  rhinoceros  beetle  ;  and  in  the  co- 
vered snail,  which  makes  use  of  the  air  to  protrude  its  body  completely 
from  the  shell.  **  As  the  snail  rolls  its  body  out  of  the  shell,**  says 
Swammerdam,  '^  so  in  proportion  it  drives  the  air  into  the  cavity  of  its 
verge ;  and  again,  in  proportion  as  it  draws  its  body  back,  in  the  same 
proportion  it  expresses  the  air  from  thence,**  &c.  (n.  391).  So  in  like 
manner  we  make  use  of  the  pulmonic  air  to  induce  softness,  yielding- 
ness,  and  many  other  states,  upon  our  own  persons. 

(^)  As  in  all  the  affections  of  the  animal  mind,  to  which  the  qua- 
lities of  motions  or  actions  correspond, — ^in  anger,  fury,  heroic  valor, 
frenzy,  fear,  mercy,  pride; — that  is,  when  our  breasts  are  swelling, 
drooping,  sinking  in,  or  trembling.  As  this  is  manifested  by  the  actions 
of  the  body,  so  it  is  manifested  in  speech,  by  the  harshness,  shrillness, 
or  sweetness  of  the  sound,  and  instinctively  interpreted ;  and  in  the 
fiice,  by  the  expression.  Some  of  the  natural  instincts  of  insects  seem 
to  be  determined  into  effects  in  a  similar  way ;  for  the  animus  of  the 
cerebrum  involves  a  corresponding  animus  in  the  fibre,  and  consequently 
in  the  lungs,  which  concur  to  the  effect  in  a  general  manner. 
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to  the  actions  of  the  body^  at  the  same  time  as  to  the  little 
actions  of  the  larynx;  like  those  who  cultivate  the  player's  art, 
and  combine  the  voice  harmoniously  with  the  instrument,  and 
the  word  with  the  action.  When  the  will  by  education  has 
become  imitative  or  mimetic,  it  causes  the  lungs  to  produce  the 
notes  of  sound,  much  in  the  same  manner  as  the  blast  of  the 
mouth  causes  the  trumpet,  or  as  the  finger  causes  the  flute,  to 
bring  forth  musical  or  melodious  notes.  Just  so  the  will, 
governing  the  muscles,  awakens  its  pulmonic  lyres ;  these,  the 
tracheal  pipes  and  strings ;  and  these  again,  the  laryngeal  harp, 
from  which  the  melody  issues  forth  {q).  The  continuously  suc- 
cessive series  of  causes  down  to  the  ultimate  sonorous  actions, 
appears  to  be  as  follows.  The  muscles  of  the  thorax,  together 
with  the  true  respiratory  muscles,  keep  the  two  pulmonary  bel- 
lows inflated,  balanced,  and  raised  up,  the  air  being  invited  and 
driven  into  the  last  vesicles,  that  is,  into  those  nearest  to  the 
surface  (r).    The  diaphragm  adapts  itself  closely  to  the  concave 

(q)  la  the  Exposition  of  the  Larynx  and  Trachea,  I  endeavored  to 
shew,  that  singing  and  speech  are  pure  acts  of  the  will,  and  that  the 
breathing  made  use  of  for  these  purposes  is  altogether  different  in 
origin  from  extraordinary  respiration ;  the  former  being  simply  expira- 
tion, that  in  this  case  is  performed  by  the  command  of  the  will,  but 
which,  nevertheless,  in  ordinary  respiration,  as  we  stated  above,  is  left 
to  nature :  so  that  in  these  little  actions  the  will  performs  the  part  of 
even  expiration ;  in  fine,  the  lungs  first  draw  such  a  quantity  of  breath, 
as  they  intend  to  bestow  upon  the  entire  series  of  the  speech  or  song ; 
which  breath  they  so  dispense,  that  no  more  comes  forth  than  is  suffi- 
cient for  the  voice,  and  the  relative  height  thereof.  Consequently  in 
this  operation  the  lungs  are  raised  to  a  certain  standard,  the  vesicles 
are  extended,  and  the  pipes  half  open ;  and  so  much  air  is  pressed  out 
of  them  by  the  action  of  the  muscles  of  the  body,  as  is  meant  to  enter 
each  point  or  division  of  the  sound.  We  may  all  experience  this  in  our 
own  persons,  by  putting  our  lungs  in  the  state  of  preparation  for  loud 
shouting. 

(r)  It  is  a  necessary  consequence,  that  before  we  are  prepared  to 
speidc  or  sing,  the  air  is  determined  into  the  vesicles  nearest  to  the  sur- 
face,  inasmuch  as  external  impulsion  forces  out  the  air  that  is  to  come 
forth  in  the  shape  of  sound.  That  the  air  may  be  determined  in  various 
ways  into  the  vesicles,  is  evident  not  only  from  their  mutual  communi- 
cation,   (see  above,)    but  also  from  the  first  direction  which  the  air 
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surface  of  the  lungs  {s).  The  abdominal  muscles^  the  sacrolum- 
baHs^  and  many  of  the  subpectoral  muscles^  gradually  drive  up 
this  septum  from  beneath  (/) :  and  by  means  of  the  ligaments^ 
the  pleura,  and  the  common  coat  of  the  lungs,  press  the  ye- 

takes  when  the  lungs  are  artificially  inflated,  namely,  to  the  outermost 
or  most  superficial  yesicles ;  as  is  well  known  from  observations.  ''When 
we  inflate  the  lungs,"  says  Winslow,  *'  the  bronchial  cells  nearest  their 
outer  surface  appear  Hke  small  masses  of  round  vesicles ;  and  from  this 
appearance  they  have  all  got  the  name  of  vesicles,  though  they  are 
all  angular,  except  those  which  I  have  now  mentioned"  (n.  387). 
Malpighi  expresses  the  same  thing  still  more  plainly  (n.  388).  Thus 
there  is  a  direct  passage  leading  all  the  way  to  the  superficial  vesicles, 
although  the  air  is  also  sent  into  the  internal  vesicles,  or  those  next  the 
bronchia. 

(s)  This  is  evident  from  the  extension  and  contraction  of  the  thorax 
in  accordance  with  the  oblique  direction  of  the  diaphragmatic  plane ; 
and  from  the  operation  of  the  muscles  of  the  lower  region  upon  the  dia- 
phragm, and  by  this  means  upon  the  lungs,  for  the  extrusion  of  the 
air.  The  lungs  in  their  natural  position,  Ue  upon  the  diaphragm, 
and  are  very  closely  united  to  it  in  inspiration  and  expiration,  and  are 
in  contact  with  it  at  innumerable  points,  because  by  plane  surfaces. 

(t)  Besides  the  abdominal  muscles  and  the  sacrolumbalis,  there  are 
also  the  psoas,  the  quadratus  lumborum,  the  semispinosns  and  the 
longissimus  dorsi,  which  have  one  of  their  extremities  fixed  to  the  ver- 
tebree  or  ribs.  All  these  muscles  operate  upon  the  diaphragm,  by 
means  of  the  vertebrae,  the  ribs,  and  the  interposing  viscera  of  the 
abdomen,  and  push  it  in  towards  the  lungs,  and  thus  force  out  the 
wind ;  as  we  may  all  observe  in  our  own  persons.  This  view  is  con- 
firmed rationally  also,  by  the  fact,  that  the  action  cannot  be  brought  to 
bear  upon  the  lungs  in  any  other  way  than  by  means  of  the  diaphragm, 
consequently  than  by  an  action  upon  the  diaphragm ;  for  the  ribs  merely 
enlarge  the  thorax,  but  the  point  of  compression  cannot  be  determined 
by  them ;  particularly  as  the  lungs  in  both  inspiration  and  expiration, 
are  at  a  dbtance  from  the  parietes,  that  is,  are  not  in  contact  with  the 
pleura  [costalis],  according  to  the  observation  of  Morgagni  (n.  390)  ; 
but  are  not  at  a  distance  from  the  diaphragm,  but  sometimes  absolutely 
adherent  to  it,  according  to  the  experience  of  Verheyen,  Corp.  Hum, 
Jnat.y  tract,  iii.,  cap.  xii.  A  further  proof  is  furnished  by  the 
ligament,  that  connects  the  middle  surface  of  the  lungs  to  the  ver- 
tebrae, that  is,  to  the  pleura,  which  is  continued  and  united  to  the 
diaphragm. 


Digitized  by  VjOOQ IC 


THE    LUNGS.  171 

sides,  and  squeeze  out  the  air(tt).  The  air,  driven  from  the 
cells  by  these  external  or  voluntary  forces  in  conjunction  with 
the  internal  or  natural  forces,  rushes  with  a  strong  impulse 
against  the  opposite  parietes  of  each  bronchial  ramification,  and 
from  these  again  in  like  manner  in  a  contrary  direction  against 
the  parietes  of  the  bronchial  trunk,  and  ultimately  against 
those  of  the  trachea,  and  thus  against  the  membranes,  tense  as 
they  are  throughout,  the  squamous  pieces  and  little  cartila- 
ginous circles,  consequently  against  elastic,  vibratory  objects, 
which  win  never  suflfer  a  stroke  without  returning  as  much  as 
they  receive  {w).    The  air  thus  stricken  and  perpetually  rever- 

(u)  "  Under  the  root  of  each  lung,"  says  Winslow,  "that  is,  under 
that  part  formed  by  the  subordinate  trunk  of  the  pulmonary  artery, 
by  the  trunks  of  the  pulmonary  veins,  and  by  the  trunk  of  the  bronchia, 
there  is  a  pretty  broad  membranous  ligament,  which  ties  the  posterior 
edge  of  each  lung  to  the  lateral  parts  of  the  vertebrse  of  the  back, 
from  that  root  all  the  way  to  the  diaphragm"  (n.  387).  By  the  action 
of  this  ligament,  all  the  propulsive  force  that  converges  by  means  of 
the  muscles  upon  the  diaphragm,  is  immediately  diffused  over  the 
whole  of  the  external  surface  of  the  lungs,  and  particularly  over  their 
nearest  or  concave  surface ;  so  that  not  even  the  minutest  motion  of  the 
diaphragm  can  exist,  but  it  is  propagated  around  the  lungs  by  means  of 
this  ligament.  The  diaphragm  is  a  membranous  plane,  formed  by  the 
pleura,  the  peritonaeum,  and  certain  intermediate  muscles,  and  con- 
nected to  the  vertebrae,  which  are  placed  at  the  extremity  of  its  median 
line.  Hence  when  the  diaphragm  suffers  impulsion,  all  the  force  con- 
centers upon  this  line,  consequently  upon  its  extremity,  where  the  liga^ 
ment  is  situated,  and  the  latter  instantly  conveys  the  active  force  to  the 
middle  part  of  the  lungs, — ^their  noblest  and  as  it  were  polar  portion, 
inasmuch  as  the  arterial,  venous  and  bronchial  trunks,  which  produce 
the  whole  of  the  substance  of  the  lungs,  all  meet  together  in  that  spot. 
Consequently  again  the  force  is  immediately  diffused  over  their  whole 
circumference,  and  gives  rise  to  a  compression  of  the  most  superficial 
vesicles  of  the  lungs,  exactly  corresponding  with  the  degree  of  impul- 
sion of  the  diaphragm.  The  intermediation  is  no  obstacle  to  the  effect, 
since  all  things  proceed  according  to  the  order  of  nature,  namely,  firom 
siurfaces  to  centres,  from  centres  to  surfaces. 

(x)  It  appears  from  the  figures  of  Malpighi,  WilUs,  Verheyen, 
Bidloo,  and  other  anatomists,  that  the  bronchia  come  off  obliquely 
from  the  trachea,  the  subordinate  trunks  obliquely  from  the  bronchia. 
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berated^  encompassed  wherever  it  goes  with  the  tremblings  of 
the  membranes^  and  accompanied  by  trembUngs  of  its  own^  is 
roUed  through  the  trachea  into  the  larynx^  where,  in  the  mouth 
of  the  glottis,  by  the  educated  vibration  of  the  arytaenoid  car- 
tilages, it  is  moulded  into  the  form  of  sound,  that  is,  into 
either  singing  or  speech.  The  lungs  do  no  more  than  supply  a 
quantity  of  sonorous  wind;  but  the  larynx,  the  palate,  the 
tongue,  and  the  Ups,  set  forth  and  dispense  the  same, — ^inflect, 
draw  out,  and  divide  it ;  in  a  word,  reduce  it  into  measured 
quantities  and  periods  (y). 

and  the  branches  obliquely  from  the  subordinate  trunks :  so  that  when 
the  air  is  squeezed  out  forcibly  and  expelled  from  the  vesicles,  it  rushes 
with  a  degree  of  impetus  against  the  opposite  parietes,  and  after  be- 
ing reflected  from  them  again  and  again,  issues  forth  in  serpentine  or 
rather  angular  volumes,  having  impinged  upon  every  point  in  its  way. 
When  the  lung  is  inflated  with  air,  and  determined  towards  the  dia- 
phragm, it  is  in  a  state  of  expansion,  as  consequently  are  all  the  mem- 
branes that  invest  the  branches,  and  the  cartilaginous  plates  and  circles 
that  beset  the  bronchial  pipes.  "These  bronchia  [or  air-vessels]," 
says  Winslow,  "  are  conical  tubes,  composed  of  an  infinite  number  of 
cartilaginous  fragments,  like  so  many  irregular  segments  of  circles, 
connected  together  by  a  ligamentary  elastic  membrane,  and  disposed  in 
such  a  manner  as  that  the  lower  eadly  insinuate  themselves  within  those 
above  them*'  (n.  387).  Thus  since  the  air  strikes  upon  all  points  of 
such  membrane,  now  in  a  state  of  tension,  as  well  as  of  the  cartilages 
lying  in  its  course,  all  the  way  to  the  top  of  the  trachea,  therefore  these 
parts  must  of  necessity  be  set  in  vibration,  and  originate  a  tremor, 
which  in  its  turn  must  originate  sound ;  for  the  tremor  must  be  dis- 
persed into  the  escaping  and  frigitive  air ;  according  to  what  was  laid 
down  in  the  Chapter  on  the  Trachea. 

(y)  The  discrimination  or  articulation  of  sound  appears  to  take 
place  nowhere  but  in  the  upper  part  of  the  larynx,  in  the  palate,  the 
mouth,  and  the  orifice  of  the  lips ;  as  shewn  in  the  Chapters  on  the 
Larynx  and  Trachea.  Thus  it  is  caused  both  by  the  closing  of  the  lips ; 
by  the  opposition  of  the  tongue  against,  or  its  application  to,  the  arch 
of  the  palate,  or  the  gums ;  and  by  the  folding  tc^ether  of  the  velum 
palati,  and  the  simultaneous  expansion  of  the  ventricles  of  the  larynx, 
which  lock  the  rima  glottidis  beneath.  There  is  no  apparatus  in  the 
trachea  and  the  bronchia,  anywhere  excepting  at  this  upper  part,  that 
is  competent  to  dose  or  stop  off  the  passage  against  the  air  and  the 
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404.  The  consequence  or  conclusion  from,  the  foregoing 
premises  is^  that  the  brains  and  the  lungs  concur  with  unani- 
mous spirit  to  produce  every  effect  in  the  body ;  and  they  are 
moreover  so  absolutely  united  by  nerves^  membranes^  and  or- 
ganic powers^  like  two  balances  or  scales  containing  exactly 
equal  weights,  that  the  one  moves  when  the  other  moves,  and 
the  one  stands  still  when  the  other  stands  still :  hence  if  the 
breath  of  the  one  be  suspended,  that  of  the  other  stops ;  no 
matter  whether  the  suspension  originate  from  a  cause  in  the 
cerebrum, — ^in  its  nature,  or  its  will ;  or  from  a  cause  in  the 
lungs,  the  larynx,  the  palate,  or  the  mouth;  that  is  to  say, 
whether  it  originate  from  an  internal  or  from  an  external 
cause  {z).  Thus  the  lungs  open  the  motive,  but  voluntary,  life  of 
the  body,  and  at  the  same  time  enable  the  will  to  reign  in  con- 
junction with  nature;  and  if  they  open  the  motive  life,  then  they 
also  initiate  the  sensual  life  of  the  body :  for  wherever  there  is 
action,  there  is  also  will;  wherever  there  is  will,  there  is  also 

sound  ;  and  the  less,  because  the  lungs,  and  their  tracheae  and  pipes, 
are  at  this  time  in  a  state  of  expansion,  and  enjoying  the  freest  deter- 
mination towards  the  trachea.  This  is  the  way  in  which  the  air  appears 
to  be  dispensed  quantitatively  ;  for  the  lungs  contain  and  put  forth  just 
enough  of  it  to  suffice  for  the  entire  series  of  the  phrase, — so  much  as 
will  last  until  the  next  stop  or  pause,  when  they  again  draw  in  the  right 
proportion. 

(z)  The  internal  causes  alluded  to,  belong  properly  to  the  brain ; 
that  is  to  say,  they  exist  when  the  brain  wills  to  commence  or  terminate 
a  sound  or  sentence ;  this  being  within  its  power  and  choice.  Among 
internal  causes  are  also  to  be  classed  those  morbid  states  that  affect  the 
brain  in  such  a  manner  that  it  cannot  rouse  itself  into  action.  It  is 
also  the  part  of  the  will  to  induce  upon  the  lungs  the  state  that  is  suit- 
able for  the  production  of  sound ;  likewise  to  intercept  the  breath  of 
the  lungs,  by  the  interposition  of  the  tongue,  the  folding  together  of 
the  velum  palati,  and  the  closing  of  the  lips  ;  and  to  excite  the  muscles 
designed  to  act  upon  the  diaphragm  and  the  lungs  :  hence  no  private 
peculiarity  is  left  to  the  lungs,  excepting  the  fabric  and  power  whereby 
they  are  enabled  to  comply  with  the  will  of  the  brain,  in  short,  to 
suffer  themselves  to  be  properly  acted  upon.  Thus,  corresponding  to 
the  organic  form  of  the  lungs,  and  consequent  upon  it,  we  have  the 
sonorous  effect  in  speech  and  singing,  of  which  there  are  such  infinite 
varieties,  both  natural  and  accidental. 
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thereto  and  consangnineous^  they  transmit  into  continuous 
yeins ;  but  whatever  is  discordant  and  heterc^neous,  whatever 
is  merely  a  dead  weight  and  a  useless  burden,  hostile  to  the 
marriage  of  the  chyle  with  the  spirit,  and  windy  or  flatulent, 
they  expunge  and  banish  out  of  the  bronchial  and  vesicular 
lobules  into  the  ceDs  of  the  interstices,  and  there  work  and 
knead  by  reciprocal  powers  of  constriction,  and  express  its 
liquid  from  its  thicker  parts  (rf).  But  the  lungs  do  not  throw 
out  the  whole  of  this  impure  humor,  for  the  veins  select  and 
reabsorb  the  part  available  for  the  blood ;  the  lymphatics  im- 

that  can  conduce  to  its  existence  and  renewal ;  as  we  observed  above  in 
the  Chapter  on  the  Liver,  n.  205  (k),  into  the  sinus  and  porta  of  which 
organ  she  brings  together  all  the  impure  chyle  and  blood.  But  she 
provides  causes,  or  as  here,  in  the  animal  world,  applies  an  organ, 
whereby  the  confused  heap  is  divided,  distributed  into  parts  and  mem- 
bers, and  completely  examined  and  purified.  By  this  means,  those 
things  that  are  suitable  are  taken  back  into  use,  and  the  rest  are 
thrown  out.  We  have  a  dear  instance  of  this  plan  of  creation  in  the 
case  of  the  heart,  and  in  the  conjunction  of  the  heart  with  the  lungs. 
The  whole  continuous  mass  and  quantity  of  the  blood  is  thrown  con- 
fusedly into  the  heart,  and  specifically  into  its  right  chambers,  with  the 
ulterior  purpose  of  being  all  transmitted  into  the  lungs,  which  simder 
this  confused  volume  into  its  individual  parts,  and  reduce  it  to  a  dis- 
criminated quantity  ;  so  that  there  is  not  a  single  globule  of  blood  or 
particle  of  chyle,  that  does  not  at  length  flow  soUtarily,  that  is,  by 
itself,  in  its  own  branch.  In  this  way,  all  the  sanguineous  forces  of 
the  heart  are  counted  out  singly,  and  if  we  may  use  the  expression, 
man  by  man,  in  the  lungs :  and  of  consequence,  the  thick  parts  are 
exquisitely  removed  from  the  liquid  parts,  the  inert  from  the  elastic, 
aud  the  corporeal  from  the  spirituous,  and  beautifully  arranged  for 
l^ture  use. 

(d)  These  points  need  no  comment  at  present,  because  they  will  be 
self-evident  as  soon  as  the  experimental  proofs  that  follow  have  been 
established.  To  assist  the  reader's  perception,  I  am  obliged  to  premise 
the  series  and  account  of  the  operations,  and  to  demonstrate  that  series 
afterwards  by  the  effects  which  the  industry  of  anatomists  has  brought 
to  light.  But  the  particular  mode  in  which  the  serosity  of  the  vessels 
is  kneaded  and  compressed,  when  thrown  out  into  the  cellular  inter- 
stices, will  be  shewn  at  the  end  of  this  paragraph,  in  note  (c),  where 
the  details  of  the  operation  are  explained. 
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bibe  the  spirituous  part,  when  sublimed  to  the  surface^  while  the 
cellular  tissue  carries  off  the  spume  that  is  left,  and  extrudes  it 
through  foramina^  leading  iminterruptedly  from  the  vesicles  to 
the  larynx,  into  the  bronchia  and  trachea.  Thus  the  lungs 
clear  away  the  dross  and  impurities  of  the  blood,  and  purify 
and  correct  the  undigested  contents  of  the  heart,  divided, 
according  to  nature's  wonted  manner,  into  their  individual 
parts  {e) ;  at  the  same  time  that  they  eructate  and  banish  the 
air,  the  mortal  enemy  of  the  blood,  in  the  form  of  effete  and 
vapid  halitus  and  vapors.  In  this  manner  they  are  the  prime  and 
general  strainers  or  Colatories  of  the  blood,  and  the  Evapora- 
tories  of  its  sweats  (/).  The  foregoing  statements  are  corrob- 
orated by  the  concurrent  testimony  of  many  circumstances; 
as,  1.  The  reticulations  of  blood-vessels  in  the  intimate  recesses 
of  the  lungs  (q) ;  and  in  the  external  parts  of  the  pulmonary 
bladders  of  those  animals  which  have  no  proper  limgs(r).     2. 

(e)  See  above,  note  (c). 

(/)  They  are  called  Colatories,  because  they  separate  the  sanguine- 
ous essences  by  filtration  or  eolation  ;  and  Evaporatories  of  the  sweats 
of  the  blood,  because  they  also  operate  by  the  evaporation  of  the  parts 
secreted.  The  whole  circumference  of  the  skin  is  in  one  sense  an 
evaporatory  of  the  sweat,  but  not  a  general  eTaporatory  like  the  lungs. 

(q)  There  are  vascular  networks  of  amazing  fineness  in  the  internal 
membrane  of  the  bronchia  and  bronchial  ramifications :  of  these  we 
shall  treat  in  the  next  paragraph.  Similar  networks  are  found  on  the 
external  surface  of  the  lungs  ;  but  particularly  around  the  vesicles,  and 
in  the  interlobular  interstices ;  and  cannot  fail  to  separate  the  parts  of 
the  cardiac  blood  down  to  their  unities,  and  to  purify  each  particle  indi- 
yidually.  Of  [these  networks,  that  is  of]  this  rete  mirabile,  Winslow 
says,  *'  All  the  bronchial  cells  [or  vesicles]  are  surrounded  by  a  very 
fine  reticular  texture,  consisting  of  the  small  extremities  of  arteries  and 
veins  which  communicate  every  way  with  each  other"  (n.  387).  Again 
he  says,  "  In  the  substance  of  the  [fine  internal]  membrane  are  a  great 
number  of  small  blood-vessels."  (Ibid,)  And  Malpighi  states  that 
**  When  a  small  piece  of  the  external  substance  of  the  lungs  is  held  up 
against  the  light,  we  see  a  singular  network  or  rete  mirabile  ;  .  .  .  and 
the  same  rete  is  observed  in  the  interiors  of  the  lungs  when  a  section  is 
made,  although  in  this  case  less  distinctly"  (n.  388). 

(r)  Fishes  and  numerous  living  creatures  of  that  description  have 
only  a  bladder  or  bag  in  the  place  of  lungs ;  but  blood-vesseb  ramify 
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The  liliinterrupted  interstices  and  ceUular  tissue  surrounding 
the  arteries^  veins^  and  air-tubes^  and  continuous  and  permeable 
on  the  one  hand  all  the  way  to  the  trachea,  on  the  other  hand  all 
the  way  to  the  surface  («).  8.  The  numerous  lymphatics  and  veins 

oyer  the  sur&ce  of  this  bladder,  forming  wonderful  plexuses  and  meshes, 
and  winding  in  circles  to  and  fro,  as  in  the  kidneys.  Thus  on  the  same 
principle  as  the  little  gyres  in  the  kidneys,  they  tend  to  secern  and 
expel  from  the  blood  the  humor  that  is  unsuited  and  repugnant  to  its 
nature.  The  reader  will  find  these  vascular  drcnmflexions  figured  in 
the  plates  of  Malpighi  and  other  anatomists.  ''The  blood  [of  the 
frog],"  says  Malpighi,  ''  driven  by  the  heart's  impulse,  rains  down  in 
the  manner  of  a  vapor  or  effluvium  into  the  minutest  parts,  running 
through  the  arteries  into  all  the  cells,  by  one  or  another  of  the  con- 
siderable branches  that  pass  through  them,  or  terminate  therein ;  and 
thus  divided  and  subdivided,  it  puts  off  its  red  color,  and  following  a 
sinuous  and  circuitous  course,  is  scattered  on  all  sides,  until  it  reaches 
the  parietes  and  angles  [of  the  cells],  and  the  reabsorbent  branches  of 
the  veins.  ...  In  the  oblong  lung  of  the  tortoise,  ...  it  was  very  evident 
that  the  blood  ran  in  a  divided  state  through  the  tortuous  vessels,  and 
was  not  effused  into  the  intervening  spaces ;  in  a  word,  that  it  always 
passed  through  little  tubes,  and  was  thrown  about  in  a  complex  inter- 
lacement of  vessels"  (n.  389).  And  Swammerdam  says,  "Toads, 
water-newts,  lizards,  chameleons,  tortoises,  serpents,  &c.,  are  provided 
with  membranous  lungs.  .  .  .  The  heart  of  the  frog,  like  the  hearts  of 
fish,  has  only  one  ventricle,  with  ope  artery  issuing  firom  it,  .  .  .  which 
soon  divides  into  two  trunks.  .  .^.  The  first  of  these,  which  is  the  least, 
goes  on  each  side  to  the  lungs ;  .  >  .  and  in  its  course  divides  commonly 
into  three  htUe  branches,  and  then  proceeding  outwards  to  the  coat 
that  surrounds  the  lungs,  forms  thereon  a  truly  wonderful  vascular  net- 
work. From  thence  the  branches  also  pas9  down  by  very  small  shoots 
into  the  irregular  internal  vesicles  of  the  lungs,  among  which  the  pul- 
monaiy  vein  is  diffused,  and  with  the  latter  they  form  a  remarkable 
anastomosis"  (n.  391). 

(s)  All  anatomists  are  unanimously  agreed,  that  the  cellular  sub- 
stance surrounds  and  encloses  not  only  the  whole  of  the  lungs,  but  also 
all  the  essential  determinations ;  I  mean,  the  air-vessels  or  bronchia, 
tbe  arteries  and  veins,  and  the  nerves  ;  just  as  occurs  in  the  liver,  the 
spleen,  and  somewhat  also  in  the  kidneys;  which  shews  that  this  circum- 
stance obtains  in  all  tbe  viscera,  and  is  the  ordinary  rule  of  nature. 
That  the  vessels  of  tbe  viscera  are  enswathed  in  a  capsule  or  sheath ; 
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opening  with  their  httle  months  in  these  hollow  recesses  (t),  4f. 
The  multitudinous  foramina  pervious  and  open  from  this  tissue 

the  spaces  filled  up  with  cellular  substance  or  padding ;  the  proper  ves- 
sels of  the  viscera  perforated  with  little  holes,  in  order  that  the  sweat 
discharged  therefrom  may  be  taken  up  by  the  interstices,  and  evaporated 
through  a  continuous  lattice-work  towards  the  surface ;  that  Uttle  venous 
mouths  open  along  the  whole  of  the  way ;  and  lymphatics  on  the  sur- 
face ;  and  that  the  passing  humor  is  partly  absorbed  by  the  veins  and 
lymphatics,  and  partly  rejected, — all  these  points  have  been  shewn  in 
our  analyses  of  many  of  the  viscera.  Bespecting  the  cellular  tissue 
that  is  continued  from  the  surface  of  the  lungs  to  the  trachea,  see  the 
preceding  Chapter,  on  the  Trachea.  Speaking  of  this  tissue,  Winslow 
says,  "It  is  dispersed  through  every  part  of  the  lungs,  and  forms 
cellular  or  spongy  sheaths  which  surround  the  ramifications  of  the 
bronchia  and  blood-vesseb,  and  is  afterwards  spread  over  the  outer  sur- 
fiuse  of  each  lung,  where  it  forms  a  kind  of  fine  cellular  coat,  joined  to 
the  general  covering  of  that  viscus.  When  we  inflate  this  interlobular 
substance,  the  air  compresses  and  flattens  the  lobules"  (n.  387).  See 
Malpighi  on  the  same  subject,  n.  388.  The  vascular  rete  mentioned 
above,  extends  particularly  over  the  membranous  web  of  these  inter- 
stices, as  appears  from  Malpighi' s  figures  and  description :  and  hence, 
if  any  secretion  is  carried  on,  (and  that  there  is  a  secretion  cannot  be 
questioned,)  the  drippings  thereof  must  necessarily  fall  down  into  these 
cells,  and  so  be  sent  forth  into  a  field  where  they  can  be  absorbed  by 
the  veins  and  lymphatics,  and  whence  the  residue  can  be  rejected  and 
squeezed  out,  as  caput  mortuum  or  faeces :  as  must  especially  be  the 
case  since  these  httle  spaces  are  expanded  and  contracted  during  every 
expansion  and  constriction  of  the  bronchia,  and  the  lighter  matters 
thrown  upwards,  and  the  heavier  downwards.  "  The  last  ramifications 
of  the  pulmonary  artery,"  says  Boerhaave,  "  reticularly  overspread  the 
surfaces  of  the  vesicles,  and  in  like  manner  the  intermediate  cellular 
spaces,  and  after  forming  an  infinity  of  arterial  anastomoses,  they  at 
last  terminate  in  the  veins.  .  .  .  The  alteration  in  shape  of  the  cellular 
spaces,  and  their  enlargement  in  size,  &c.,  .  .  .  must  occasion  .  .  .  the 
blood,  and  all  the  other  humors  contained  in  the  several  pulmonic  ves- 
sels, to  be  reciprocally  pressed,  propelled,  shaken  together,  Hquified  or 
thinned,"  &c.  (Inst.  Med,,  n.  198,  200.) 

(t)  Respecting  the  lymphatics  of  the  lungs,  Verheyen  says,  "  The 
lungs  are  provided  with  an  abundance  of  lymphatics,  which  arising 
by  almost  an  infinite  number  of  Uttle  branches  that  for  the  most  part 
accompany  the  blood-vessels,  and  afterwards  uniting  into  a  few  small 
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into  the  bronchial  ramifications^  the  bronchia  and  the  tra- 
chea (t*).  5.  The  experimental  evidence  furnished  by  the  infla- 
tion of  air  into  the  bronchial  vessels  {ai),  and  by  the  injection  of 

trunks,  nm  ultimately  to  the  thoracic  duct."  (Corp.  Hum.  Jnat,,  tract, 
iii.,  cap.  xii. ;  and  tab.  xxiii.,  fig.  1.) 

(u)  Respecting  the  foramina  with  which  the  internal  membrane  of 
the  trachea  is  perforated,  and  respecting  the  cellular  substance  of  the 
trachea,  which  is  continuous  with  that  of  the  lungs,  see  the  preceding 
Chapter  on  the  Trachea.  Respecting  the  corresponding  pores  and 
foramina  in  the  bronchia  and  their  ramifications,  Winslow  says,  *'  We 
may  observe  very  distinctly,  sometimes  even  without  a  microscope,  a 
great  many  small  holes  in  the  pedicles  of  the  lobules,  and  of  the  bron- 
chial cells,  that  is,  of  the  vesicles  that  immediately  surround  the 
bronchia,  which  holes  open  from  within  outwards"  (n.  387).  That 
this  porous  structure  opens  both  ways,  namely,  from  the  interstices 
into  the  cavities  of  the  bronchia,  as  well  as  firom  the  cavities  into  the 
interstices,  may  be  inferred  from  the  respiratory  air  itself,  which  unless 
great  force  be  used,  never  escapes  from  the  bronchial  pipes  into  the 
cellular  interstices ;  whence  it  appears  that  there  is  a  more  free  and 
open  passage  from  the  interstices  into  the  bronchia  and  trachea  [than 
the  contrary  way]  ;  or  if  you  please,  that  there  is  a  reciprocal  passage, 
according  to  the  circumstances  of  the  case.  There  is  a  very  free  com- 
munication between  the  cellular  substance  and  the  trachea,  for  when 
the  membranes  are  gently  compressed,  humor  gushes  into  the  trachea. 
Nor  is  there  any  other  way  of  discharge  for  the  collected  ichor,  although 
meanwhile  the  arteries  are  constantly  pouring  a  humor  into  these  spougy 
interstitial  spaces.  **  They  [the  bronchia],"  says  Winslow,  "  are  lined 
on  the  inside  by  a  very  fine  membrane,  which  continually  pours  out  a 
mucilaginous  fluid"   (n.  387). 

{x)  It  has  been  a  point  of  dispute  among  anatomists,  or  at  any 
rate  of  earnest  inquiry,  whether  or  not  the  air  of  inspiration  escapes 
through  the  openings  of  the  bronchia  into  the  surrounding  cellular 
spaces.  Malpighi  appears  to  have  adopted  the  affirmative  view  without 
hesitation  (n.  388).  Aflerwards  Morgagni  took  the  opposite  side  of 
the  question,  having  been  led  to  tins  course  by  his  own  observations. 
"  When  a  knife  was  passed,"  says  he,  "  through  the  middle  of  the 
interstices  [cellular  spaces],  so  as  to  divide  the  lobules  from  each  other, 
and  the  flame  of  a  taper  was  held  to  the  divided  parts,  and  the  air 
driven  frequently  and  forcibly  through  the  bronchium,  ...  in  this  case, 
although  we  always  saw  the  lobules  dilated,  in  no  instance  was  the 
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colored  fluids  into  the  arteries  (y).  6.  The  quantity  of  viscid 
humor  occupying  the  follicular  spaces  of  the  lungs^  and  causing 
various  morbid  affections  (^r).  7.  The  viscid  humor  of  a  similar 
kind  covering  the  branchise  of  fishes^  in  which  an  analogous 
process  of  percolation  is  carried  on  (a).     8.  The  foetor  that 

flame  ever  so  slightly  disturbed  or  shaken"  (n.  390).  But  Winslow, 
on  the  authority  of  Helvetius,  asserts  that  air  blown  with  force  into 
the  bronchia  and  vesicles,  escapes  at  last  through  the  foramina  into  the 
interstices.  His  words  are  as  follow ;  "  When  we  inflate  the  bronchial 
[cells  or]  vesicles,  they  presently  swell,  and  if  we  continue  to  blow  with 
force,  the  air  passes  insensibly  into  the  interlobular  substance"  (n.  387). 
Again  he  says,  "  When  we  blow  through  a  pipe  introduced  so  far  as  to 
touch  immediately  a  trunk  of  the  blood-vessels  or  bronchia,  the  air  runs 
at  first  through  all  the  ceUs  that  lie  nearest  that  trunk  or  its  branches  ; 
but  if  we  continue  to  blow,  it  insinuates  itself  through  the  whole  inter- 
lobular tissue."  (Ibid.)  If  then  in  deep  inspiration  the  air  penetrates 
from  the  bronchia  into  the  cells,  it  must  necessarily  pervade  the  cellular 
tissue,  and  escape  ultimately  either  low  down,  into  the  bronchia,  or 
else  into  the  trachea ;  which  is  a  proof  that  the  riscid  and  useless 
secretion  of  the  arteries  is  also  discharged  by  this  way ;  as  we  may 
indeed  perceive  to  be  the  case  by  the  breath. 

(y)  Malpighi's  observation  goes  far  to  prove,  that  not  only  the  pi- 
tuitary refuse  thrown  out  by  the  arteries  of  the  lungs  into  the  interlo- 
bular or  interbronchial  cells,  but  also  the  flatulencies  escaping  from  the 
undigested  particles  of  the  chyle  when  broken  down  by  compression 
and  agitation,  are  expressed  and  discharged  through  the  foramina  into 
the  bronchia  and  trachea,  and  through  no  other  path.  The  observation 
to  which  I  allude  is  the  following :  '*  After  injecting  ink  through  the 
pulmonary  artery,  I  have  frequently  seen  it  escape  from  many  parts ; 
thus,  on  slight  compression,  it  exudes  in  part  from  the  investing  mem- 
brane, and  collects  in  part  in  the  interstices,  but  the  greater  portion 
comes  out  mixed  with  blood  through  the  pulmonary  vein ;  and  what  is 
remarkable,  it  issues  in  a  diluted  state  and  of  a  lighter  color  through 
the  trachea,  accompanied  with  a  thin  froth ;  this  takes  place  every  time 
the  lungs  are  squeezed.  .  .  .  Something  of  the  same  kind  appears  to 
take  place  when  mercury  is  injected"  (n.  388). 

(z)  This  is  the  origin  of  the  numerous  morbid,  and  in  a  certain  sense 
glandular  corpuscules  found  in  diseased  lungs;  respecting  which,  we  refer 
the  reader  to  the  records  of  medical  cases,  and  to  n.  410  of  this  Work. 

(a)  In  fish  and  other  creatures  of  that  description,    the  cardiac 
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strikes  the  olfactory  papillae  in  the  expirations^  being  not  com- 
pletely sheathed  or  concealed  by  the  vapory  halitus.  9.  The 
blood  itself  pronounces  and  declares  the  same  thing  on  its  own 
behalf;  for  all  that  is  venous  in  the  blood,  is  poured  by  the 
heart  into  the  lungs ;  and  all  that  is  arterial  is  poured  back, 
changed  in  nature,  appearance  and  condition,  that  is  to  say, 
become  florid,  lively  and  brisk,  by  the  lungs  into  the  heart  (4). 
10.  And  indeed,  when  poured  back,  it  is  found  to  have  been 
reduced  in  quantity  in  the  filters  and  strainers  of  the  lungs  ; 
for  the  vein  which  goes  into  the  left  auricle  of  the  heart,  is  less 
than  the  vein  which  goes  up  into  the  lungs  firom  the  right 
ventricle  of  the  heart  (c),  contrary  to  the  usual  habit  of  nature 
in  other  parts  of  this  kingdom. 

blood  is  not  all  carried  through  the  vesicular  longs,  but  the  greater 
part  of  it  goes  to  the  branchiae,  which  are  hence  blood-red  in  color,  and 
are  exposed  to  the  air,  to  enable  them  to  expunge  immediately  those 
humors  that  are  hostile  to  the  blood.  Malpighi  shews  that  the  bran- 
chiae are  besmeared  with  a  viscid  moisture.  **  Inasmuch,"  says  he, 
**  as  mucus  may  be  always  rubbed  from  the  gills  [or  branchiae]  with 
the  greatest  ease,  it  is  not  inconsistent  to  suppose,  that  what  in  other 
animals  goes  out  by  the  kidneys  and  the  skin,  is  thrown  off  in  fishes 
by  this  compression"  (n.  388). 

{b)  The  blood  returned  by  the  lungs  to  the  heart,  is  swift,  purple, 
and  ruddy,  and  of  a  very  different  character  to  the  blood  sent  by  the 
heart  into  the  lungs,  as  we  shall  shew  in  Part  III.,  when  we  come  to 
speak  of  the  Heart.  Rational  considerations  are  also  in  our  fiivor  here, 
for  the  blood  that  passes  back  into  the  heart's  left  ventricle,  is  deprived 
of  its  tardigrade  companion, — ^the  livid,  thick,  and  useless  serum, — 
which  is  ejected  by  the  above-mentioned  ways  of  discharge. 

(c)  It  will  be  observed,  that  I  still  continue  to  call  the  conduits  of 
both  the  arterial  and  venous  blood,  veins ;  and  it  is  my  intention  to 
point  out  in  the  sequel,  that  the  blood  of  the  lungs,  which  runs  through 
the  pulmonary  artery,  is  of  a  venous  character,  and  becomes  arterial 
for  the  first  time  in  the  vascular  networks  surrounding  the  vesicles.  In 
the  meantime,  we  shall  find  it  most  convenient  to  follow  the  received 
terminology,  and  to  call  that  vessel  which  proceeds  into  the  lungs  from 
the  right  ventricle  of  the  heart,  the  pulmonary  artery,  and  its  branches, 
arterial  branches.  But  to  come  to  the  point  in  hand.  Winslow  says, 
speaking  of  the  pulmonary  artery,  ''It  must  be  observed,  that  the 
ramifications  of  the  arteries  are  more  numerous  and  larger  than  those 
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406.  As  the  lungs  load  the  air  thrown  out  by  expiration^ 
with  the  adulterations  and  impurities  cleared  away  from  the 

(^  the  veins,  which  in  all  other  parts  of  the  body  exceed  the  arteries 
in  number  and  size"  (n.  387).  And  Heister  says,  "  It  has  been  a 
matter  of  discussion  with  some  anatomists,  why  the  pulmonary  artery 
is  larger  than  the  pulmonary  vein,  whereas  in  all  other  parts,  the  veins 
are  larger  than  the  arteries,"  &c.  (n.  385).  The  circumstance  here 
alluded  to  is  a  plain  indication  that  the  arterial  blood  has  deposited  a 
considerable  amount  of  matter  in  the  lungs, — that  it  has  thrown  aside 
a  quantity  of  lading  into  the  cells.  But  before  finishing  the  present 
paragraph,  it  appears  to  be  required  that  I  should  describe  more  fully 
the  process  adopted  in  the  purification  of  the  sanguineous  mass ;  and 
shew,  that  the  lungs  do  not  really  purify  the  blood,  but  only  correct  its 
serum,  and  as  we  said  above,  work  and  knead  the  latter  by  reciprocal 
acts  of  constriction,  and  express  its  hquid  from  its  viscid  parts.  The 
circumgyration  of  the  capillaries  on  the  parietes  of  the  cells,  and  on  the 
surface  of  the  vesicular  lungs  in  some  of  the  lower  animals,  clearly 
demonstrates  that  the  lungs  reject  the  serosities  there  in  large  abun- 
dance, throwing  them  out  of  their  vessels  into  the  cellular  interstices. 
Thus  the  reticular  vessels  of  the  lungs  exhibit  almost  the  same  circum- 
flexion  as  the  vessels  of  the  kidneys ;  which  latter  secern  the  serum 
from  the  blood,  and  reject  its  stale  and  urinous  portion.  From  the 
parallel  between  the  two  cases,  we  may  infer,  that  the  retia  mirabilia 
of  the  lungs  in  like  manner  extrude  the  unclean  and  undigested  sera  of 
the  blood  into  the  cellular  interstices ;  and  compress,  shake  up,  and 
express  them  therein,  much  in  the  same  maimer  as  the  spleen  does  the 
blood,  which  it  squeezes  out  of  its  vesseb  into  similar  spaces,  and 
teazes  by  reciprocal  acts  of  compression,  as  shewn  in  our  analysis  of 
that  organ.  The  experimental  proofs  just  recounted  and  laid  down, 
is  convincing  as  to  the  fact,  that  a  similar  compression  and  teazing 
of  the  serum,  although  not  of  the  blood,  goes  on  in  the  lungs.  And 
it  will  be  seen  below  (n.  408),  that  the  cellular  oompages  of  the  lungs 
is  extended  in  length,  and  contracted  in  breadth,  during  each  act  of 
inspiration ;  and  that  precisely  the  reverse  is  the  case  during  each  act 
of  expiration.  The  serous  mass,  therefore,  is  continually  reduced  to 
straits,  and  purified  in  this  way ;  the  hquid  parts  are  separated  by  com- 
pression from  the  thick  parts,  the  shi^ly  from  the  shapeless;  the 
former  being  reabsorbed  by  the  veins  and  lymphatics,  while  the  more 
viscid  and  flatulent  parts  are  injected  in  the  form  of  froth  or  spume 
through  foramina  into  the  bronchia  and  trachea,  whence  the  largest 
portion  of  them  is  discharged,  either  by  expiration,  in  the  way  of 
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bloody  SO  they  thoroughly  examine  the  air  attracted  by  inspira- 
tion, and  alternately  a  welcome  guest;  and  should  it  have 
brought  any  rich  or  choice  presents  in  its  vaporiferous  bosom, — 
any  members  of  the  volatile  families  of  salts,  sulphurs  and 
nitres, — the  lungs  suck  them  in  delightedly  by  their  veins: 
although  as  soon  as  ever  they  have  enjoyed  the  banquet,  they 
throw  out  the  air  as  the  most  deadly  enemy  of  the  blood  (d), 

vapor ;  or  by  eipectoration ;  or  else  insensibly,  by  pn^ressive  reptation 
in  the  direction  of  the  palate. 

(d)  It  is  evident  from  many  considerations,  that  the  air  is  the 
deadliest  enemy  of  the  blood ;  the  arteries  reject  it,  and  the  veins  spit 
it  out,  and  both  of  them  turn  from  it  as  a  hostile  and  heterogeneous 
thing ;  and  hence  it  seems  never  to  be  able  to  get  into  the  blood  by 
£ur  means,  or  otherwise  than  slyly  and  stealthily,  namely,  when  en- 
closed in  undigested  particles  of  chyle,  on  the  breaking  up  and  open- 
ing of  which,  it  flies  out  and  shews  itself  in  the  current.  But  as  we 
may  conclude  from  many  of  the  symptoms  of  disease,  the  arteries  and 
veins  are  always  seriously  affected  by  its  presence,  and  always  labor 
until  they  have  expelled  it.  Tins  ia  the  reason  why  the  flatulent 
matter  that  escapes  from  the  particles  of  the  chyle  during  their  resolu- 
tion in  the  lungs,  mounts  along  the  cellular  tissue  into  the  trachea,  and 
comes  out  there  through  the  foramina  in  the  form  of  froth.  This  also 
]s  the  reason  why  the  natural  fonctions  of  the  viscera  sufler  from  the 
air,  whether  enclosed  in  the  stomach,  or  in  the  intestines,  and  specifi- 
cally in  the  colon,  or  in  the  cavity  of  the  abdomen,  or  in  that  of  the 
pleura ;  and  why  the  air  is  driven  out  and  eructated  at  the  first  door 
that  offers.  The  ground  of  this  hostility  wiU  be  evident,  if  we  con- 
trast the  properties  of  the  blood  and  the  air  respectively,  when  we  shall 
discover  that  there  is  a  natural  antipathy  between  the  two.  But  before 
we  can  undertake  to  reason  from  causes,  we  require  to  have  a  know- 
ledge of  these  properties.  Thus  the  air  is  to  the  highest  degree  elastic, 
expansile,  compressible ;  it  b  tumid  when  exposed  to  heat,  compressed 
and  collapsed  when  exposed  to  cold ;  swift  and  ba^y  when  in  motion ; 
and  its  particles  are  larger  and  lighter  than  those  of  water.  The 
[particle  of]  blood,  on  the  other  hand,  although  possessing  some  elas- 
ticity, does  not  permit  of  expansion  and  compression,  but  merely 
suffers  intrinsic  changes, — changes  internal  to  itself  and  confined  to  its 
own  body,  and  acts  in  the  quietest  manner  with  the  neighboring  [par- 
ticles]. When,  therefore,  it  is  in  company  with  the  air,  it  experiences 
a  state  of  inquietude,  for  the  air  disturbs  and  violates  its  internal  re- 
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and  as  we  said  before^  load  it  like  a  mule  with  a  baggage  and 
burden  of  adulterations^  and  force  it  to  carry  them  out  (c).  Let 
us  now  consider  more  minutely  the  successive  stages  of  its 
immigration  and  arrival.  The  atmosphere^  impregnated  with 
effluvia  exhaled  abundantly  from  the  three  kingdoms  of  nature^ 
and  filled  with  odors^  fragrant  or  the  reverse^  is  attracted  in 
volumes  by  the  spiracles  of  the  nares.  The  olfactory  papillse 
exquisitely  anticipate  whatever  is  concealed  in  these  volumes^ 
whether  favorable  or  unfavorable  to  the  pulmonic  blood;  if 
favorable^  they  imbibe  it  with  open  lips^  and  carry  it  home^  as 
consisting  of  nectareous  dainties  and  preserves,  into  the  very 
depths  of  the  vesicles  of  the  lungs ;  but  if  hostile^  they  keep  it 
out  of  doors  by  the  compression  of  the  alse  or  pinnse^  and  dread 
its  approach,  and  chase  it  away.  But  the  nares  carefully  super- 
vise and  examine  whatever  they  admit  for  the  sake  of  breathing, 
and  invite  for  the  sake  of  refecting  the  blood;  all  heavy  and 
inert  particles,  sooty  flakes,  saline  spiculse,  miasmata,  and  the 

lations,  and  ruptures  tlie  kindly  alliance  between  the  chyle  and  the 
spirit ;  nay,  it  carries  off  the  elements  of  the  chyle,  and  the  spirit 
itself,  and  throws  them  into  its  vapors.  Indeed,  were  the  air  to  get 
into  the  little  ramifications  of  the  arteries  through  the  large  branches, 
it  would  completely  block  up  their  mouths,  and  preclude  the  entrance 
of  the  blood,  and  congregating  in  dense  vapors,  enormously  distend 
the  little  canals,  as  we  know  that  it  distends  the  intestines ;  and  so  on 
in  other  respects.  For  these  reasons,  the  air  is  admitted  no  farther 
than  the  pulmonic  vesicles,  which  constitute  the  last  term  of  the  rami- 
fications of  the  heart,  and  the  first  term  of  the  ramifications  of  the 
lungs.  Hence  it  is  driven  out,  to  prevent  it  from  penetrating  too  far, 
and  this,  by  the  means  described  above.  Nevertheless,  for  the  sake  of  the 
gifts  and  presents  that  it  brings,  it  is  a  welcome  guest ;  for  it  carries 
in  its  bosom,  as  companions  of  its  winged  career,  the  first  elements  of 
salts  and  sulphurs,  and  proffers  them  liberally  to  the  universal  mass  of 
the  blood,  on  these  frontiers,  or  in  these  first  and  last  boundaries. 

(e)  Agreeably  to  what  we  explained  in  the  previous  paragraph,  to 
wit,  that  the  air  carries  out  those  things  that  are  secreted  from  the 
blood,  for  instance,  undigested,  windy  matters,  which  would  be  of  no 
value  in  the  circulation  of  the  blood,  and  which  are  thrown  among  the 
vapors.  These  matters  are  what  we  term  the  baggage  or  lading  of 
the  air. 
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like,  which  are  of  great  wdght  and  no  value,  they  ensnare  in 
their  viscid  mucus,  and  bury  in  their  moist  lacunae.  Those 
matters  which  go  past  the  nares,  are  similarly  purified  by  the 
trachea.  The  bronchia  likewise  assist  in  the  work,  and  finally 
their  subordinate  branches  and  ramifications,  upon  all  points 
of  which  the  intruding  air  impinges.  Thus  the  air,  closely  ex- 
amined at  every  comer  of  the  way,  and  emunged  of  its  impure 
accompaniments,  at  length  comes  to  the  lungs  in  their  smallest 
form,  namely,  to  the  vesicles,  and  now  warm  and  bathed  in 
vapors,  it  has  nothing  in  its  bosom  but  what  is  friendly  to  the 
blood, — ^nothing  but  delicate  and  welcome  presents,  which  the 
veins,  omnipresent  in  their  little  atmospheric  world  of  the  vesi- 
cle (/),  and  hungry  after  all  their  losses,  must  eagerly  seek  out, 
select  and  imbibe.  Thus  the  blood,  fed  and  feasted  with  occult, 
ethereal,  and  heavenly  food,  and  no  longer  turbid  and  cloudy, 
but  serene,  florid,  purple,  joyous,  lively,  and  worthy  of  mar- 
riage with  the  spirit,  has  already  put  on  the  arterial  robe.  But 
the  air  which  is  only  the  ministering  attendant  for  bringing  and 
proffering  these  gifts  to  the  blood, — ^lest  it  should  insolently 
rush,  as  it  attempts  to  do,  into  the  bed  of  the  blood,  and  pol- 
lute its  marriage, — ^is  driven  out  headlong,  and  loaded  with 
fines  and  burdens  {g).  Thus  the  lungs,  by  virtue  of  their  office, 
are  not  only  the  Colatories  and  Emunctories,  but  the  Refectories^ 
of  the  blood,  the  PreparcUories  also  of  the  blood  from  venous  to 
arterial,  and  the  Lustratories  of  the  air.  This  view  is  confirmed 
by  a  multitude  of  facts,  which  by  their  clear  bearing  upon  the 
point,  convert  what  were  before  opinions  into  natural  inferences. 
For,  1.  The  atmosphere  conveys  and  carries  about  in  its  bosom, 
not  a  mere  wave,  but  a  whole  ocean  and  cloudland  of  effluvia  (A), 

(/)  The  atmospheric  vesicles  may  be  said  to  resemble  the  grand 
atmospheric  world,  as  a  least  volume  resembles  its  largest ;  for  the  air 
floats,  gravitates,  and  puts  forth  its  powers,  within  the  sphere  of  the 
veside,  in  the  same  mamier  as  in  the  grand  sphere  of  the  atmospheric 
world. 

(g)  See  above,  note  (d), 

(h)  Respecting  the  vast  quantity  of  effluvia  contained  in  the  atmo- 
sphere, see  Boyle  and  other  writers  on  physics.  The  fact  is,  that 
effluvia  are  exhaling  continually  from  all  the  pores  of  the  subjects  of  the 
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by  which  the  smell  is  affected^  the  state  of  the  animal  mind 
changed  immediately  ifrom  confusion  to  serenity,  or  from  se- 
renity to  confusion;  the  blood  suddenly  awakened,  or  be- 
numbed with  torpor;  and  the  life  raised  up  as  by  a  breath  from 
heaven,  or  withered  by  contagion  (i).     2.  Sleep,  cataphora,  ca- 

mineral  kingdom,  as  is  clearly  eridenced  by  the  magnet ;  from  all  the 
subjects  of  the  vegetable  kingdom,  as  b  proved  to  sensible  demonstra- 
tion by  the  odorous  emanations  from  tracts  of  woodland  and  garden 
ground,  flower-beds,  shrubberies,  and  the  like ;  from  all  the  subjects 
of  the  animal  kingdom,  as  is  well  established  by  the  acute  sense  of 
smelling  possessed  by  dogs,  and  by  the  sagacity  and  power  of  nose  with 
which  they  follow  wild  animals,  merely  by  their  track,  or  even  by  the 
air.  This  crowd  of  effluvia  cannot  fail  to  follow  the  attracted  halitus 
and  air  into  the  innermost  recesses  of  the  lungs,  (see  n.  375  ;)  and 
inasmuch  as  it  necessarily  consists  of  quantities  of  diflferent  particles, 
shapely  and  unshapely,  congruous  and  incongruous,  heavy  and  light, 
inert  and  volatile, — particularly  of  olea^ous,  nitrous  and  sulphureous 
particles, — Whence  it  becomes  imperative  that  some  warning  sense  should 
be  stationed  at  the  first  doorway,  as  well  as  that  there  should  be  a 
mucous  lymph  in  certain  lacunae,  whereby  these  particles  may  be  netted 
in  a  kind  of  snare,  and  the  pure  portion  separated  from  the  impure. 
Of  this  we  have  a  clear  perception  by  the  sense  of  smell,  in  places  that 
are  filled  with  the  vapors  of  sulphur  from  furnaces  or  mines ;  in  such 
places,  the  palate,  the  trachea,  and  the  cavities  of  the  nares  are  beset 
and  roughened  by  the  fumes  and  exhalations,  and  the  very  color  of  the 
mucus  which  we  spit  out,  attests  a  manifest  ensnaring  of  particles,  and 
a  percolation  of  the  air.  Proceeding  by  the  chain  of  causes  from  these 
evident  signs  to  others  which  are  less  evident,  we  can  hardly  avoid  the 
conclusion,  that  a  similar  filtration  goes  on  in  the  bronchia  and  their 
branches,  inasmuch  as  they  are  covered  with  a  similar  viscid  moisture, 
(t)  As  in  garden  grounds,  beds  of  roses,  and  shrubberies  in  the 
time  of  spring :  from  the  influence  and  sudden  effect  of  particular  spirits 
and  volatile  essences,  and  which  is  powerful  enough  to  refect  the  blood: 
on  the  other  hand,  from  poisons  and  contagions,  that  affect  the  blood 
in  divers  ways,  communicating  to  it  either  a  torpor,  or  a  chill,  or 
fevered  heat  and  fire ;  or  even  kill  it  outright  with  their  first  blow  or 
breath  :  and  from  many  similar  facts,  which  may  be  read  in  superabun- 
dance in  the  records  of  medicine  and  physics.  Unless  the  above  effluvia 
passed  into  the  blood  by  way  of  the  lungs,  it  would  be  quite  impossible 
for  them  to  produce  these  great  alterations, — it  is  impossible  that 
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rus^  and  even  ecstasis  and  catalepsy^  nourish  the  blood  with  a 
kind  of  mystic  food.  3.  Many  persons  have  prolonged  life  for 
months^  years  and  ages,  without  taking  any  ordinary  [terrestri] 
sustenance  {k),  4.  And  not  a  few  species  of  animals,  and  those  of 
the  most  voracious  kind, — ^for  instance,  bears, — ^live  for  a  very 
considerable  time  in  a  state  of  natural  asitia,  and  are  actually 
fattened  when  they  come  from  their  winter  dens ;  to  say  no- 
thing of  vipers,  chameleons,  and  a  number  of  other  creatures  (/), 
which  if  they  do  not  feed  upon  effluvia,  nevertheless,  in  the 
act  of  inspiration,  enjoy  a  foretaste  and  perception  of  what  is 
suitable  to  the  blood  in  their  daily  food  (m).     5.  We  may  also 

they  should  produce  them  by  the  mere  sense  of  smell.  By  parity  of 
reasoning,  we  may  conclude  from  these  things,  to  those  which  we  are 
momentarily  inhaling  and  conveying  into  the  blood  in  our  ordinary 
inspirations. 

{k)  The  reader  will  find  a  number  of  accounts  of  such  persons  col- 
lected by  diflferent  authors ;  for  instance,  by  Simon  Majolus,  Caspar  a 
Eeies,  Maroellus  Donatus,  John  Schenck,  Daniel  Sennertus,  John 
Jonston,  John  Rudolph  Camerarius,  Quercetanus  redivivus  [Joseph 
Duchesne],  Caspar  Bartholin,  J.  J.  Doebelius.  But  it  would  be  useless 
to  insert  such  accounts  in  this  place. 

(/)  It  is,  I  believe,  pretty  well  known,  that  bears  and  their  cubs 
live  altogether  without  prey  or  food  throughout  the  winter,  buried  under 
the  snow  in  their  dens  and  caves,  and  only  sucking  their  paws,  and  yet 
that  in  the  spring  they  come  actually  fattened  out  of  their  winter  tombs. 
Now  if  we  collect  and  sum  up  the  evidence  afforded  by  such  circum- 
stances, we  shall  arrive  at  the  conclusion,  that  these  animals  were 
nourished  during  their  period  of  hybernation  entirely  by  the  air  which 
they  breathed.  Similar  phenomena  observed  in  vipers,  snakes,  frogs, 
flies,  crickets,  field-mice,  marmots,  land-tortoises,  silk-worms,  croco- 
diles, snails,  ostriches,  chameleons,  and  other  creatures,  are  too  fre- 
quent to  allow  of  any  doubt  as  to  the  fact. 

(m)  We  are  all  aware  that  animals  know  by  the  smell  the  food  that 
is  suitable  to  their  nature,  and  hence  it  is  impossible  to  doubt,  that 
they  foretaste  the  effluvial  particles  of  the  food,  in  the  first  instance  by 
the  lungs  and  the  blood  of  the  lungs ;  and  so  immediately  begin  to 
have  a  clear  perception,  by  virtue  of  the  nature  that  dominates  over 
them,  of  what  is  suitable  to  them,  or  unsuitable :  for  by  the  mere  affec- 
tions of  their  animal  mind  and  nature  they  take  cognizance  of  the  very 
harmonies  or  accords  of  things,  under  the  form  of  pleasantness  or  un- 
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gather  confirmations  from  anatomy,  for  the  paiietes  of  the 
bronchia  and  vesicles  are  beset  with  congeries  of  veins  (n), 
which  greedily  snatch  all  those  things  that  will  appease  the 
hunger  of  the  blood,  and  after  taking  what  wiU  be  beneficial, 

pleasantness,  consequently  of  love  or  aversion ;  just  as  we  also  perceive 
all  the  harmonies  of  nature,  by  nature  alone,  by  means  of  the  affections 
of  our  animal  mind.  This  is  the  reason  why  beasts  possessing  the 
above  powers  of  smell,  draw  their  breath  so  very  deeply  and  profoundly 
at  the  food  offered  to  them,  and  convey  the  vapors  exhaling  therefrom 
almost  into  their  very  vitals,  as  we  have  plenty  of  opportunities  of  ob- 
serving in  such  cases  and  under  such  circumstances.  It  is  a  common 
remark,  resting  upon  ample  experience,  that  we  are  sometimes  almost 
satisfied  by  the  mere  smell  of  victuals,  for  instance,  in  kitchens ;  and 
that  we  may  be  inebriated  by  vapors,  for  instance,  in  wine-cellars. 
That  these  and  similar  efiluvia  and  vapors  are  attracted  into  the  blood, 
not  only  through  the  insensible  pores  of  the  skin,  but  also  by  the 
inspirations, — of  this  we  may  be  instructed  still  more  definitely  by 
anatomy,  from  the  little  venous  oscula  or  orifices  in  the  bronchia  and 
vesicles. 

(n)  Respecting  the  number  of  vessels  in  the  bronchia,  Winslow 
says,  "  They  [the  bronchia]  are  lined  on  the  inside  by  a  very  fine  mem- 
brane, which  continually  pours  out  a  mucilagmous  fluid ;  and  in  the 
substance  of  the  membrane  are  a  great  number  of  small  blood-vessels*' 
(n.  387).  The  same  is  the  case  in  the  vesicles,  as  demonstrated  by 
Ruysch,  who  threw  a  wax  injection  into  the  pulmonary  vein,  and  found 
it  exude  into  and  fill  the  hollow  vesicles.  (Thet,  Anat,  Max.^  n.  59, 
102.)  So  that  it  appears,  that  little  venous  mouths  stand  open  in  all 
parts,  gaping  for  the  proffered  food.  It  is  of  no  consequence  whether 
efiluvia  float  in  the  air  in  the  form  of  humid  vapor,  or  whether  they 
are  in  combination  with  any  of  the  humors  when  applied  to  the  lips  of 
the  httle  veins ;  since  the  veins  drink  and  eat  whatever  comes  to  them 
in  a  pleasant  and  eligible  form.  I  explained  the  causes  of  the  appe- 
tency and  elective  property  of  the  veins  in  Part  I.  of  this  Work.  Thus 
much  is  evident,  that  when  the  air  has  penetrated  through  the  bronchial 
ramifications,  it  becomes  exceedingly  humid,  and  contains  scarcely  any- 
thing but  vapors  ;  for  in  the  whole  of  its  course,  it  strikes  upon  drip- 
ping membranes,  and  saturates  itself  with  moisture.  This  vapor, 
constantly  circulating  in  the  vesicles,  cannot  fail  to  be  presented  to  the 
little  lips  of  the  veins,  for  when  in  circulatory  motion,  it  leaves  not  a 
point  of  the  parietes  untouched. 
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rqect  all  those  things  that  are  inimical  to  the  blood  (o).  6. 
Moreover,  the  blood  returned  into  the  arterial  or  left  auricle 
and  ventricle,  is  visibly  changed  in  character,  just  as  it  would 
be  by  exposure  to  the  air,  or  by  mixture  with  a  saturated 
nitrous  solution  {p).    Nor  must  we  omit  to  notice  the  proof 

(o)  But  it  will  be  asked,  what  kind  of  aliment  or  chyle  the  air  im- 
pregnated with  effluvia  can  bring  into  the  blood,  when  so  great  an 
abundance  of  chyle  is  supplied  by  way  of  the  blood-vessels  and  lym- 
phatics from  the  stomach  and  intestines,  which  are  the  proper  chylo- 
poietic  and  sanguigenous  organs?  If  we  carefully  consider  the  blood, 
and  its  embodiment  or  bodily  constitution,  we  shall  soon  be  convinced, 
tbat  all  the  elements  necessary  to  enter  it,  cannot  possibly  be  supplied 
by  the  ventricular  chyle.  The  nutrition  of  the  human  body  is  nothing 
else  or  more  than  the  nutrition  of  the  blood.  The  blood  is  the  common 
seminary  and  cornucopia  from  which  all  things  are  taken  that  will  give 
nourishment  to  the  body.  Now  in  order  to  the  conception  and  genera- 
tion of  the  red  bloody — ^in  order  to  its  composition, — ^we  require,  not 
only  water,  which  serves  as  the  vehicle  and  medium  for  giving  currency 
to,  and  presenting  and  introducing,  those  elements,  but  other  elements 
besides,  such  as  can  only  be  obtained  when  the  connexions  of  the  chyle 
are  thoroughly  dissevered,  and  its  particles  broken  open.  Of  these 
elements,  there  must  be  some  that  will  consodate  the  blood  with  the 
chyle;  others  that  will  enter  the  blood  itself,  and  copulate  its  red 
globules  with  their  [formative]  white  or  pellucid  globules ;  and  others 
again  which  in  their  turn  will  constitute  the  white  or  simple  blood ;  and 
the  latter  elements  must  be  of  a  more  primitive  and  pure  nature  than 
the  former.  In  a  word,  the  existence  of  the  two  kinds  of  blood,  pre- 
supposes a  concurrence  not  only  of  all  classes  and  species  of  material 
elements, — of  all  things  that  lie  stored  up  in  the  bosom  of  dead  nature, 
— ^in  the  earth  and  the  domain  thereof;  but  also  of  all  things  that  are 
floating  in  the  air,  and  of  all  that  are  floating  in  the  ether.  Hence  the 
animal  being  must  elect  and  borrow  the  grounds  and  constituents  of  its 
blood  from  the  whole  circumambient  world.  But  to  describe  the 
specific  properties  of  the  chyle  expressed  from  the  food  of  the  stomach; 
of  the  chyle  drawn  forth  from  the  air ;  and  of  the  purer  chyle  invited 
through  the  skin  from  the  ether, — this  must  be  the  result  and  end  of 
our  Analysis.  Consequently  I  shall  not  venture  to  offer  it  as  a  mere 
statement,  nor  in  fact  until  I  have  premised  the  requisite  experimental 
evidence  which  I  have  to  bring  forward  in  the  proper  season. 

(p)  The  experiments  instituted  by  Malpighi  and  other  anatomists. 
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derived  from,  7.  The  branchiae  of  fishes,  by  which  the  blood  is 
brought  into  contact  with  the  air,  to  go  back  into  the  system, 
refected  with  atmospheric  food{g).  By  these  means  it  is  or- 
dained, that  whatever  exists  in  the  world  or  universe  of  nature, 
— ^whatever  is  laid  up  in  the  great  bosom  of  things, — shall  mi- 
nister and  yield  compliance  to  the  subjects  of  the  animal  king- 
dom, and  preeminently  to  their  blood.  This  then  is  the 
ultimate  function, — ^the  final  office  of  the  air. 

407.  When  this  sanguineous  chaos, — ^this  crude  and  undi- 
gested volume, — ^has  been  driven  through  the  filters  of  the 
lungs,  purged  of  its  discordant  parts,  and  skimmed  of  its  im- 
pure phlegm ;  when  furthermore  it  has  been  saluted  with 
atmospheric  kisses,  enriched  with  occult,  celestial  aliment,  and 

shew  that  when  blood  drawn  from  a  vein,  and  suffered  to  stand  for  a 
while  until  it  becomes  livid,  lurid  and  dusky,  is  exposed  to  the  air,  or 
besprinkled  with  nitre,  it  takes  on  a  lively,  purple,  and  flaming  hue. 
*'Six  ounces  of  nitre  in  solution,"  says  Malpighi,  *' introduced  into 
the  jngular  vein  of  a  dog  of  middling  size  and  strength,  produced  no 
sensible  change,  excepting  an  abundant  secretion  of  urine ;  in  other 
respects  the  animal  continued  in  perfect  health.  .  .  .  When  powdered 
nitre,  or  nitre  in  a  state  of  deliquescence,  is  placed  upon  blood,  it  pro- 
duces upon  the  surface  a  thin  crust  of  a  deep  purple  color ;  and  the 
same  thing  occurs,  when  aqua  vitse,  common  salt,  rock  salt,  sal  am- 
moniac, sulphur,  and  hartshorn,  are  made  use  of  in  the  same  way. 
Nearly  all  these  substances  appear  to  retard  the  coagulation  of  the 
blood  for  a  short  time."  (Be  Polypo  Cordis  Dissertation  ad  fin.)  Again 
he  says,  "  Thomas  Cornelius  admitted  the  existence  in  the  blood  of  a 
certain  exquisitely  fine  halitus  ;  and  this,  not  merely  ta  &a  ens  rationis, 
but  as  a  thing  obvious  to  the  senses,  inasmuch  as  it  reeks  firom  warm 
blood,  and  impresses  the  palate  and  tongue  with  its  sharp  saline  pro- 
perties. This,  he  thought,  might  properly  be  termed  the  salt  or  balsam 
of  life,  because  by  virtue  of  its  agency,  the  blood  particles  enjoy  free- 
dom of  fluxion,  and  the  whole  of  the  body,  life  and  vigor.  This  salt 
of  life  is  eliminated  by  the  lungs  by  means  of  fermentation,  either  from 
the  liquids  brought  by  the  blood,  and  particularly  from  the  lymph,  or 
as  I  incline  to  believe,  from  the  external  air,  since  the  lungs  themselves 
are  analogous  to  glands  in  structure."  (Ibid,) 

{q)  In  fishes  the  chief  part  of  the  blood  is  propelled  to  the  bran- 
chise  or  gills,  which  in  other  animals  is  propelled  to  the  lungs.  See  Mal- 
pighi, n.  388  ;  Swammerdam,  n.  391. 
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raised  thereby  to  a  higher  power  of  radiance, — ^then  the  portion 
of  it  that  flows  into  the  veins,  and  passes  into  the  left  chamber 
of  the  heart,  is  arterial  (r) ;  and  its  very  serum  is  so  virgin  and 
marriageable,  that  wherever  it  finds  the  spirit  unmarried  or 
single,  and  comes  into  relation  with  it,  there  it  forms  a  speedy 
alliance  {s) ;  the  issue  of  which  is  a  ruddy,  flaming,  and  reftd- 
gent  blood,  a  parent  so  prolific  that  the  universal  body  is  its 
offspring  and  its  common  progeny.    Now  since  the  blood  con- 

(r)  This  is  in  truth  a  consequence  fi^m  the  two  preceding  para- 
graphs. For  the  venous  blood  collected  in  the  right  auricle  and  ven- 
tricle of  the  heart,  continues  to  be  of  the  same  character,  that  is, 
venous,  throughout  the  pulmonary  artery,  all  the  way  to  the  vesicles ; 
in  fine,  to  the  very  innermost  reticular  plexuses ;  during  all  this  course 
it  continues  to  be  undigested,  indiscriminate,  mixed  with  firesh  and 
effete  chyle  crammed  together, — ^a  heap  of  things  with  various  proper- 
ties. But  as  soon  as  it  is  separated  from  incongruous  or  heterogeneous 
matters,  and  impregnated  or  tinctured  with  ethereal  aliments,  then  it 
assumes  an  arterial  character.  Hence  the  character  and  properties  of 
arterial  blood  as  distinguished  firom  venous,  consist  not  merely  in 
fluidity,  redness  and  weight,  but  also  in  a  kind  of  glittering  splendor. 
Of  these  characteristics  we  shall  speak  in  Part  III.,  in  treating  of  the 
Heart,  the  Arteries,  the  Veins,  and  the  Blood.  In  the  meantime  we 
refer  the  reader  to  n.  409  (q). 

(s)  If  we  understand  the  composition  of  the  genuine  blood,  that 
is,  of  the  red  globules,  we  shall  find  that  what  is  termed  the  animal 
spirit  constitutes  its  principal  essence,  and  that  the  primitive  elements 
of  salts  or  sulphurs  are  adopted  simply  for  the  sake  of  connexion,  and 
produce  its  corporeal  essence.  In  order  to  the  existence  of  the  genuine 
blood-globule, — of  such  a  globule  as  will  perform  the  part  of  a  soul,  or 
the  purposes  of  the  Soul,  in  the  body, — ^it  is  absolutely  necessary  that 
the  superior  universal  essences  should  enter  it ;  for  upon  this  depends 
its  power  of  acting,  and  its  faculty  of  accomplishing  aright  its  allotted 
functions ;  and  from  this  its  life  takes  its  principles  and  its  destinies. 
In  truth,  did  we  not  live  our  life  in  single  parts,  consequently  in  the 
single  individualities  of  the  blood,  we  could  not  possibly  live  in  the 
whole,  or  in  the  general  congeries  of  the  parts  ;  that  is,  in  the  body. 
The  general  life  is  but  the  sum  and  complex  of  the  individual  lives. 
But  the  quality  of  the  life  depends  upon  the  organization  of  the  parts 
and  the  whole  in  which  the  life  resides :  respecting  this  we  p^all  speak 
in  the  proper  place. 


Digitized  by  VjOOQ IC 


THE    LUNGS.  193 

stantly  maintains  its  venous  character  and  mixed  indiscriminate 
condition^  all  the  way  from  the  right  cavern  of  the  heart  to  the 
rete  mirabUe  and  intimate  villi  of  the  lungs^  therefore  it  seems 
proper  that  the  puhnonary  artery,  as  it  is  usual  to  term  it, 
should  rather  be  considered  as  a  vein ;  yet  again  since  it  has  one 
distinguishing  mark  of  an  artery,  in  that  it  diminishes  in  caUbre 
and  increases  in  the  number  of  its  ramifications,  in  the  direction 
of  the  sanguineous  current,  and  in  its  ultimate  capillaries  sepa- 
rates and  excretes  various  essences  from  the  blood,  therefore  it 
would  appear,  that  it  may  deservedly  and  ex  officio  be  termed 
an  artery.  And  if  we  put  these  circumstances  together,  and 
think  fit  to  denominate  this  vessel  at  once  from  its  peculiar 
blood,  and  from  its  function,  then  we  shall  find  that  we  cannot 
bestow  upon  it  any  term  more  appropriate  than  its  ancient  name 
of  venous  artery  or  arterial  vein  (t), 

408.  Two  points  now  demand  exploration,  namely,  with 
what  systole  and  diastole  do  the  pulmonary  arteries  and  veins 
pulsate,  and  under  what  government  do  they  act,  under  the 
government  of  the  heart,  or  under  that  of  the  lungs ;  for  thus 
much  is  certain,  that  the  heart  pours  its  blood  with  spontaneous 
readiness  into  the  pulmonic  channel  and  its  pipes,  and  that  the 
lungs  drink  it  with  eager  mouths  and  veins  {u).    According  to 

(t)  We  give  things  names,  either  from  their  internal  states  and  in- 
ferred properties,  or  from  the  phenomena  they  manifest  in  operation, 
or  from  their  visible  forms  and  the  crude  notions  to  which  these  give 
rise.  But  it  is  of  little  importance  whether  we  call  a  thing  by  this 
name  or  that,  provided  we  understand  by  the  name  the  essence  of  the 
thing  signified  and  indicated.  In  fact  it  is  exceedingly  trifling  and 
empty  to  spend  any  great  pains  upon  alterations  in  terminology.  With 
respect  to  this  pulmonary  vessel,  it  causes  no  diflference  in  our  ideas, 
whether  it  be  termed  the  pulmonary  artery,  or  the  venous  artery  ;  but 
since  the  ancients  denominated  it  the  venous  artery,  my  intention  in 
this  place  simply  is,  to  shew  that  that  name  expresses  it  rightly  ;  and 
I  am  the  more  justified  in  this  course,  since  it  does  not  in  any  d^ree 
divert  our  attention  from  the  contemplation  of  the  real  matter  in  hand. 

(u)  We  shall  find  if  we  examine  the  connexion  between  the  heart 
and  the  lungs,  that  the  lungs  are  in  a  certain  sense  the  appendages  and 
productions  of  the  heart ;  and  not  vice  versa.  Passing  by  the  fact  that 
the  heart  existed  before  the  lungs,  and  long  before  their  motive  life 

VOL.  II.  PART  II.  CHAP.  IV.  O 
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the  facts  revealed  by  anatomy^  and  confirmed  and  attested  by 
the  phenomena  of  respiration,  the  following  appears  to  be  the 
progression.  The  blood,  sent  from  the  heart  into  the  limgs,  as 
its  grand  capsules  or  appendages,  never  stops  untU  it  arrives  in 
the  last  meshes  and  reticulations,  that  is,  in  the  field  of  leasts, 
or  in  the  parietes  of  the  interlobular  cells  (x),  where  it  flows 

began,  and  at  this  time  had  the  government  of  the  body ;  it  is  clear 
that  the  heart  continues  and  propagates  itself,  that  is,  its  muscular 
substance  or  parenchyma,  not  to  the  lungs,  but  to  the  great  artery, 
and  thereby  to  all  the  arteries  of  the  body ;  but  that  it  propagates  to 
the  lungs  only  its  outermost  surface  or  robe,  namely,  the  pericardium ; 
which  forms  a  capsule  that  invests  both  the  proper  and  common  vessels 
of  the  lungs  ;  in  fine,  the  true  cardiac  vessels.  This  capsule,  or  con- 
tinuation of  the  pericardium,  penetrates  to  the  very  innermost  parts, 
and  constitutes  the  cellular  tissue  that  surrounds  all  the  vessels.  ''The 
pellicles  which  compose  it  [the  cellular  tissue],"  says  Winslow,  "... 
appear  to  form  a  true  sheath"  (n.  387).  Hence  the  continuation  of 
the  pericardium  is  identical  with  the  continuation  of  the  cellular  tissue 
around  the  blood-vessels  and  bronchia,  respecting  which  we  refer  the 
reader  to  the  citation  firom  Lancisi  on  the  subject  of  the  Pericardiiun 
(n.  419).  From  this  propagation  it  is  evident,  that  the  true  muscular 
structure  of  the  heart, — or  the  heart  viewed  organically,  does  not  extend 
to  the  innermost  parts  of  the  lungs  ;  but  that  this  is  the  case  with  only 
its  most  general  covering,  the  pericardium,  within  which  its  [pulmonary] 
artery  and  vein  proceed  continually  in  the  lungs.  From  these  considera- 
tions it  may  be  concluded,  that  the  heart,  in  entering  the  lungs  by  the 
pulmonary  artery,  throws  itself  out  of  its  own  primary  and  peculiar 
sphere,  but  still  keeps  constantly  within  its  own  ultimate  sphere :  and 
inasmuch  as  it  produces  the  latter,  and  disposes  it  into  an  organic  form, 
therefore  this  form  or  structure  is  its  appendage,  wherein  its  blood  is  in 
discriminated  quantity,  or  multitude,  while  in  the  ventricles,  on  the 
other  hand,  it  is  in  continuous  quantity  or  magnitude. 

(x)  The  plates  of  Malpighi  give  the  best  idea  of  the  reticular  division 
and  ramification  of  the  vesseb  at  their  extremities,  and  of  the  rete 
mirabile  of  which  that  Author  is  the  discoverer.  According  to  him,  the 
rete  Hes  upon  the  outside  of  the  vesicles,  and  is  in  a  manner  adherent 
to  them  ;  but  he  also  figures  a  similar  rete  on  the  parietes  of  the  cells. 
(De  Pulmonibus,  tab.  i.  ii.)  "  The  ramifications  of  the  .  .  .  vessels  in 
the  lungs,"  says  Winslow,  "  are  surrounded  everywhere  by  the  cellular 
substance  [of  the  interstices],  .  .  .  and  the  rete  mirabile  of  Malpighi, 
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round  and  round  in  a  perfectly  free  arena.  In  these  intimate 
goals  and  centres  reside  the  essential  pneumonic  power  and 
nature,  as  well  as  the  circulatory  power  that  propels  the  blood 
in  the  lungs.  In  other  words,  from  these  centres  the  lungs 
govern  their  circumferences  to  the  farthest  limits  in  all  direc- 
tions ;  namely,  to  their  external  covering,  to  the  beginning  of 
the  trachea,  and  to  the  two  entrances  of  the  heart,  where  the 
venous  artery  flows  in,  and  the  arterial  vein  flows  out  (y).  It  is 
evident  from  the  reciprocal  stretching  and  relaxation  of  the 
cells,  while  the  lungs  are  inhaling  and  exhaling  the  breath, 
that  these  reticulations  constantly  thirst  for  the  blood,  and  de- 
mand it  from  its  branches  and  trunks,  and  from  the  cardiac 
bed^  and  that  they  as  constantly  send  away  and  refund  it  into 
the  other  bed  or  cavity  of  the  heart ;  but  not  alternately,  that 
is  to  say,  not  during  the  intervals  of  inspiration  and  expiration. 
For  the  reticular  meshes  of  blood-vessels  that  form  the  parietes 
of  the  cells,  are  half  extended  and  half  relaxed  during  every 

...  is  formed  by  the  capillary  extremities  of  these  vessels"  (n.  387). 
This  network  or  rete,  being  the  last  station  of  the  arteries  proceeding 
from  the  heart,  and  the  first  station  of  the  veins  returning  to  the  heart, 
is  therefore  the  hinge  and  turning-point  of  their  fluxions. 

(y)  The  large  vessels  are  to  be  regarded  as  intermediates,  which 
tend  to  these  networks  as  their  terminations.  In  this  light  we  are  to 
view  the  bronchia,  which  end  in  the  vesicles ;  and  so  also  the  inter- 
stices, which  are  the  ultimate  retreats  and  resting-places  of  the  vessels. 
In  these  centres  or  intimate  recesses,  the  lungs  begin  to  be  what  they 
are  ;  in  other  words,  from  these  centres  they  derive  their  nature  ;  from 
the  vesicles  their  pneumonic  nature ;  from  the  vascular  networks  their 
sanguineous  nature :  so  that  the  lungs  may  really  and  deservedly  be 
said  to  govern  their  circumferences  from  their  centres.  For  in  the 
centres  they  perform  their  secretions,  as  we  shewed  in  a  preceding 
paragraph  (n.  405)  ;  in  these  chambers  they  receive  their  iEolian  guest, 
wherewith  they  excite  the  whole  of  their  circumference  to  motion,  and 
rouse  it  into  storms.  Their  ultimate  boundaries  are  the  two  cardiac 
entrances,  the  trachea,  and  the  membranous  investiture ;  to  which 
boundaries  or  circumferences  there  is  a  continuation  from  the  innermost 
parts.  From  the  foregoing  considerations  we  may  infer,  that  the  car- 
diac blood  runs  out  until  it  reaches  these  goals,  in  order  that  it  may 
return  to  the  starting-place,  and  enter  the  kingdom  of  the  body  with 
the  palm  or  prize  wherewith  it  has  been  crowned  at  the  goals. 

o2 
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act  of  breathing ;  thus  while  they  are  increased  in  length  they 
are  diminished  in  breadth,  and  vice  versa  {z).    These  meshes 

(z)  In  order  to  facilitate  the  understanding  of  these  particulars,  I 
will  explain  the  matter  a  little  more  clearly.  The  interlobular  or  cellular 
substance,  which  like  that  of  the  spleen  is  composed  of  a  tissue  of 
membranous  follicles,  is  extended  in  length  every  time  the  bronchia  are 
filled  with  air ;  for  it  is  united  to  the  bronchia,  and  in  a  certain  sense 
continuous  with  them  and  the  vesicles :  on  the  other  hand,  it  is  con- 
tracted in  length  every  time  the  lungs  expire  the  air.  Both  circum- 
stances strictly  follow,  and  will  become  quite  comprehensible,  provided 
we  take  a  mechanical  view  of  the  action  that  goes  on  between  the 
bronchia  and  the  continuous  interlobular  substance ;  that  is  to  say,  of 
the  operation  of  the  one  upon  the  other.  Suppose  a  number  of  vesicles 
of  any  form  you  like,  grouped  together  lengthwise  and  breadthwise  in 
rows,  and  draw  them  out  in  either  direction  ;^-of  course  the  areolae  or 
planes  running  transversely  must  be  in  a  state  of  relaxation,  at  the  time 
the  other  set  is  in  a  state  of  extension :  natural  necessity  as  well  as 
experience  shews  that  such  must  be  the  case.  "  The  lobules,"  says 
Winslow,  **  appear  distinctly  to  be  parted  by  another  cellular  substance, 
which  surrounds  each  of  them  in  their  whole  extent,  and  fills  up  the 
interstices  between  them.  This  substance  forms  likewise  a  kind  of 
irregular  membranous  cells.  .  .  .  [It]  is  .  .  .  spread  over  the  outer  sur- 
face of  each  lung,  where  it  forms  a  kind  of  fine  cellular  coat,  joined  to 
the  general  covering  of  that  viscus"  (n.  387).  And  again,  "The 
pellicles  which  compose  it  [the  cellular  sheath  of  the  vessels]  are  .  .  • 
disposed  there  in  a  more  regular  manner,  and  more  longitudinally  than 
in  other  places."  (Ibid.,  ad  fin.)  Thus  when  the  bronchia  are  filled 
with  air,  and  expanded  in  length  and  breadth,  the  surrounding  cells 
necessarily  undergo  a  change  of  condition,  and  are  themselves  extended 
in  length,  but  contracted  in  breadth.  The  contrary  to  this  happens  in 
expiration,  and  the  ceUs  are  extended  in  breadth,  but  contracted  in 
length.  Something  similar  is  caused  by  inflating  the  interstices  of  the 
cellular  tissue,  when  the  air  so  much  increases  the  extension  with  re- 
spect to  breadth,  that  the  pressure  makes  the  vesicles  angular.  "  When 
we  inflate  this  interlobular  substance,"  says  Winslow,  "  the  air  com- 
presses and  flattens  the  lobules."  (Ibid,)  We  may  then  come  to  the 
conclusion,  that  these  cells  with  their  vascular  rete  are  always  in  a 
state  of  expansion  as  well  as  of  contraction,  one  half  of  them  con- 
stantly alternating  through  these  states  with  the  other  half.  Those 
which  are  in  the  state  of  expansion,  are  in  a  state  of  systole,  and  are 
expelling  their  blood  into  the  veins,  and  their  serum  into  the  empty 


Digitized  by  VjOOQ IC 


THE    LUNGS.  197 

govern  the  large  arterial  and  venous  branches  and  stems  pro- 
ceeding along  the  sides  of  the  bronchia  (a) ;  and  the  fibres  of 

interstices.  On  the  other  hand,  those  which  are  in  a  state  of  relaxa- 
tion, are  in  a  state  of  diastole,  and  are  inviting  and  admitting  the 
blood ;  in  the  same  manner,  in  both  cases,  as  in  the  heart :  so  that  in 
the  one  instance  there  is  a  perpetual  invitation  of  the  blood  from  the 
right  side  of  the  heart;  in  the  other,  a  perpetual  expulsion  of  the 
blood  towards  the  left  side.  This  statement  is  greatly  corroborated  by 
the  following  observation  of  Malpighi.  **  When  a  Ugature  is  put  upon 
the  [^g's]  auricle  and  heart,"  says  he,  **  and  the  motion  and  impulse 
prevented  that  might  otherwise  be  communicated  by  the  heart  to  the 
vessels,  stiU  the  blood  is  sent  by  the  veins  towards  the  heart,  so  as  by 
its  force  and  quantity  to  distend  the  vessels ;  and  this  lasts  for  several 
hours :  but  at  length  ...  the  blood  ceases  to  be  actuated  with  the  same 
continuous  motion,  and  fluctuates,  as  if  impelled  by  fits,  going  back- 
wards and  forwards  the  same  way ;  which  will  occur  even  when  the 
heart  and  auricle  are  torn  off. — From  certain  circumstances  ...  we  may 
infer,  that  the  rete,  .  .  .  intermingled  with  the  vesicles  and  cavities, 
serves  ...  as  an  afferent  and  efferent  vessel  for  the  mass  of  the  blood" 
(n.  389). 

(a)  The  large  vessels,  arterial  and  venous,  run  along  the  sides  of 
the  bronchia,  and  have  the  latter  between  them :  but  respecting  the 
varying  relation  of  these  three  kinds  of  vessels,  in  the  lamb  and  the 
human  subject,  see  Morgagni,  n.  390.  During  the  contraction  of  the 
bronchia,  or  during  expiration,  the  blood-vessels  contract,  so  as  to  form 
rugse.  "  In  drawing  out  any  portion  of  the  bronchia  by  the  two  ends," 
says  Winslow,  **  the  [cartilaginous]  segments  are  parted,  and  the  whole 
canal  is  increased  in  length ;  but  it  contracts  again  by  means  of  its 
elastic  membrane  as  soon  as  the  force  is  taken  off.  When  we  open 
lengthwise  any  portion  of  the  pulmonary  artery  and  vein  in  the  satne 
lung,  we  meet  with  a  great  niunber  of  transverse  rugse,  which  are  ob- 
literated when  these  vessels  are  elongated.  This  is  an  observation  made 
by  Helvetius"  (n.  387).  Thus  the  large  blood-vessels  are  expanded 
and  contracted  solely  by  the  inspirations  and  expirations  of  the  lungs  ; 
Ukewise  the  nervous  fibres,  which  also  run  along  the  bronchia ;  where- 
fore they  act  upon  the  blood-vessels  during  inspiration,  but  cease  to  act 
during  expiration.  Hence  the  pulmonary  vessels  are  placed  completely 
beyond  the  sphere  of  the  heart's  activity,  and  undergo  no  systole  or 
diastole,  excepting  when  they  are  excited  thereto  by  their  nerves,  which 
can  only  happen  during  the  intervals  of  the  respiration.  The  same 
conditions  occur  in  the  rete  mirabile  itself,  but  with  this  difference,  that 
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the  pneumonic  plexus,  alternately  elongated  and  shortened  by 
the  breathing  of  the  lungs,  institute  this  everlasting  play.  Thus 
the  lungs  hold  the  reins  of  their  blood-vessels,  and  leave  the 
heart  no  power  over  them,  excepting  with  respect  to  the  im- 
portation of  the  blood ;  and  by  the  very  condition  of  their  na- 
ture and  structure,  they  continually  thirst  for  a  fresh  supply, 
and  continually  reject  the  old  supply  (J).  The  truth  of  these 
statements  is  corroborated  by  a  number  of  circumstances ;  as, 
1.  The  ready  reception  and  as  it  were  invitation  of  the  blood 
from  the  right  chamber  of  the  heart ;  and  its  ready  ejection, 
and  as  it  were  spontaneous  return  to  the  left  cavity  of  the 
heart ;  that  is  to  say,  after  the  lungs  have  once  been  opened  or 
fiUed  with  air.  2.  The  course  of  the  blood-vessels,  within  a 
capsule  put  forth  by  the  heart,  and  along  both  sides  of  the 
ramifications  of  the  trachea.  8.  Their  foldings  and  doublings 
during  the  contraction  of  the  lungs.  And,  4.  Their  reticular 
division  and  ramification  in  the  cells  of  the  interlobular  tissue. 
5.  The  similar  division  and  ramification  of  the  fibres  of  the 
pulmonary  plexus  {c).  6.  The  evident  harmony  subsisting  be- 
tween the  circulation  of  the  pulmonary  and  the  circulation  of 
the  cardiac  blood  (rf).     And  many  other  circumstances  to  be 

one  half  of  its  vessels  is  in  a  state  of  extension  or  diastole,  at  the  time 
the  other  half  is  in  a  state  of  contraction  or  systole ;  which  conse- 
quently is  also  the  case  in  this  part  with  the  nervous  fibres  that  excite 
the  vessels  of  the  rete  to  action.  The  rete  mirabile  may  be  compared 
to  a  fibrous  sponge,  which  once  wetted,  and  squeezed  or  wrung  out, 
attracts  fluid  with  rapidity,  if  ever  so  small  a  comer  of  it  be  placed 
therein.  So  when  the  rete  is  emptied, — its  serosity  expressed  into  the 
cells,  and  its  blood  thrown  into  the  veins, — any  part  of  it,  in  its  then 
state  of  relaxation,  instantly  sucks  the  blood  from  the  large  branches 
and  trunks,  and  attracts  it  greedily :  precisely  as  we  find  to  be  the  case 
in  other  minute  porous  bodies.  This  is  the  reason  why  the  intimate 
constituents  of  the  lungs  draw  forth  the  blood  from  the  right  ventricle 
of  the  heart,  and  why  its  reception  becomes  so  easy  after  the  lungs 
have  been  once  filled  with  air. 

(b)  See  note  (a)  just  above. 

(c)  All  these  circumstances  have  been  discussed  in  the  observations 
immediately  preceding. 

(d)  Were  it  not  for  the  above  dispensation  of  the  blood,  namely. 
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found  in  medico-anatomical  records  will  furnish  fresh  points  of 
corroboration. 

409.  But  besides  the  pulmonary  arteries  and  veins, — as  it 
were,  the  mistresses, — ^there  are  also  certain  handmaids  and 
domestics,  termed  the  bronchial  arteries,  which  (arising  either 
from  the  great  artery,  at  the  beginning  of  its  descent,  or  from 
one  or  more  of  the  intercostals,  or  from  the  oesophageal,  or  from 
some  other  root  connected  with  the  intercostals,  in  some  cases 
as  a  single  vessel,  in  others  by  two  trunks,  one  answering  to 
each  lung,  in  others  again  by  almost  as  many  trunks  as  there 
are  lobules  (e),)  take  the  same  course  as  the  former  vessels, 

its  continual  iavitation  from  the  heart,  and  continual  impulsion  into  the 
left  auricle,  it  would  be  utterly  impossible  for  such  wonderful  harmony 
to  subsist  between  these  two  proper  viscera  of  the  thorax,  which  are  so 
totally  dissentient  in  their  motion,  and  live  in  such  entirely  distinct 
spheres  of  activity.  But  if  the  lungs  unceasingly  desire  and  demand 
the  blood,  and  receive  it  every  moment  in  which  the  heart  can  pour  it 
in ;  and  if  the  heart's  left  chamber  be  constantly  anxious  to  distend 
the  arteries  of  the  body  with  blood, — then  in  this  case,  the  motions  of 
these  two  viscera  may  be  persistent,  and  uninterrupted  by  each  other, 
and  no  stoppage  or  intermission  will  overtake  them.  Oiur  present  posi- 
tion might  afford  us  an  opportunity  to  canvass  and  discuss  the  question, 
whether  the  circulation  of  the  blood  originates  from  the  heart,  or  from 
the  intimate  constituents  of  the  lungs  ;  but  from  the  points  estabhshed 
above,  it  is  very  evident,  that  the  question  is  much  the  same  as  if  in 
reasoning  about  the  motion  of  a  water-mill,  we  were  to  argue  whether 
the  motion  began  from  the  wheel,  that  is,  from  the  heart ;  or  from  the 
stream  that  falls  upon  the  wheel,  that  is,  from  the  lungs. 

(e)  Respecting  the  bronchial  arteries,  see  their  discoverer,  Ruysch, 
who  has  dedicated  several  plates  to  shewing  their  origin,  course,  and 
anastomoses.  The  origin  particularly,  of  these  arteries,  has  been  inves- 
tigated by  many  anatomists  since  Ruysch,  and  in  all  animals  found  to 
be  too  various  to  admit  of  a  fixed  definition.  Nevertheless  I  shall  en- 
deavor to  shew  at  the  end  of  this  paragraph,  that  they  always  arise 
from  some  stock  connected  with  the  intercostals.  No  writer,  within 
my  knowledge,  has  traced  the  various  origins  of  these  vessels  more 
industriously  than  Winslow,  and  I  shall,  therefore,  again  transcribe  his 
words,  so  as  to  bring  them  under  the  present  view  of  the  reader.  "The 
bronchial  arteries,"  says  he,  "  come  sometimes  from  the  anterior  part 
of  the  aorta  descendens  superior,  sometimes  from  the  first  intercostal 
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skirting  along  the  bronchia^  all  the  way  to  the  ultimate  stadia 
and  plexiform  reticulations  of  the  lungs  (/).  In  fact,  the 
bronchial  arteries  not  only  keep  step  with  the  pulmonary  arte- 
ries, and  accompany  them  to  the  very  end  of  their  walk  {ff), 
but  even  by  frequent  anastomoses  join  footsteps  with  them,  and 
form  a  genewJ  alliance  (A),  and  either  retrace  the  way  in  com- 

artery,  and  sometimes  from  one  of  the  oesophageal  arteries.  They  go 
out  towards  each  lung,  sometimes  separately^  sometimes  by  a  small 
common  trunk  which  afterwards  divides  to  the  right  and  left,  near  the 
biftircation  of  the  trachea,  and  they  follow  the  ramifications  of  the 
bronchia.  The  left  bronchial  artery  comes  pretty  frequently  from  the 
aorta,  and  the  right,  from  the  superior  intercostal  on  the  same  side, 
because  of  the  situation  of  the  aorta.  There  is  likewise  another  which 
arises  from  the  aorta  posteriorly  near  the  superior  intercostal,  and  above 
the  anterior  bronchial.  .  .  .  Sometimes  one  bronchial  artery  gives  off 
several  of  the  superior  intercostals;  sometimes  several  bronchial  arteries 
send  off  separately  the  same  number  of  intercostals"  (n.  387)* 

(/)  The  bronchial  artery  follows  the  same  course  as  the  pulmonary 
arteries,  running  along  the  bronchia  and  their  ramifications ;  as  esta- 
blished by  our  Authors.  "  The  bronchial  artery,"  says  Ruysch, 
"  enters  the  lungs  obliquely,  and  lying  under  the  venous  artery,  accom- 
panies the  bronchia  to  the  end,  until  it  is  lost  to  sight  in  fine  capilla- 
ries." (Dilucid.  FalvuL,  cap.  iv.,  obs.  xv.^  This  is  my  reason  for 
calling  it  a  handmaid  or  attendant,  for  it  is  much  smaller  than  the  pul- 
monary artery. 

(ff)  The  bronchial  artery,  like  the  pulmonary,  penetrates  all  the  way 
to  the  reticular  plexuses  or  ultimate  filaments.  This  is  evident  not  only 
from  the  observation  just  cited,  but  even  more  clearly  from  the  following 
words  of  the  same  Author ;  "  This  artery,"  says  he,  "is  connected  to 
the  bronchia,  and  accompanies  them  to  their  termination.  In  fact  no 
human  industry  can  point  out  a  single  branch  of  the  trachea,  however 
minute,  that  is  not  supplied  by  the  ramifications  of  the  bronchial 
artery."  (Epist.  Jnat.  vij 

(A)  Ruysch  has  proved  by  injection,  and  shewn  in  one  of  bb  plates, 
(EpUt.  Anat.  vi.,  tab.  vii.,  fig.  5,)  that  the  pulmonary  and  bronchial 
arteries  unite  by  numberless  anastomoses.  He  also  asserts  the  same 
thing  in  the  following  words :  "  In  various  places  the  bronchial  artery 
anastomoses  with  the  minute  twigs  of  the  pulmonary  artery,  as  repre- 
sented in  tab.  vii.,  fig.  5. ;  for  when  the  pulmonary  artery  is  injected 
with  wax,  the  little  branches  of  the  bronchial  artery  are  found  to  be 
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mon  with  them,  to  the  left  auricle  of  the  heart  (i),  or  else  go 
out  by  particular  passages,  in  the  form  of  veins,  to  some  branch 
of  the  intercostal  veins,  or  of  the  vena  azygos  (*).  The  blood, 
running  back  through  the  bronchial  vessels,  but  lately  was 
blood  in  the  puhnonary  vessels,  which  now  reascends,  clothed 
in  its  own  proper  coat  (/),  to  take  the  same  course  again  and 
again,  and  serve  the  pulmonary  vessel  as  a  daughter  and  hand- 
maid ;  for  it  follows  their  track,  step  for  step,  and  as  we  said 

instantly  filled  ;  and  I  have  no  doubt  that  the  converse  may  also  take 
place,  although  I  have  never  tried  to  produce  it."  (Ibid.) 

(t)  It  is  evident  firom  Ruysch's  experiment  just  recorded  (A),  that 
the  blood  of  the  bronchial  artery  mingles  with  the  blood  of  the  pulmo- 
nary artery  ;  and  hence  it  is  impossible  to  doubt  that  the  blood  of  the 
former  artery  passes  into  the  left  side  of  the  heart,  in  company  with  the 
blood  of,  first,  the  pulmonary  artery,  and  of  secondly,  the  pulmonary 
vein,  and  thus  retraces  the  path  which  it  has  previously  taken.  Hence 
again  it  is  clear,  that  the  blood  which  enters  by  the  bronchial  artery, 
comes  from  the  arterial  and  not  from  the  venous  blood  of  the  body. 

(k)  Ruysch  was  not  so  fortunate  as  to  discover  the  bronchial  vein, 
but  it  was  found  and  described  by  his  followers.  *'  The  existence  of 
the  [bronchial]  vein,"  says  Winslow,  "  was  questioned  for  some  time, 
but  it  exists  as  really  as  the  artery,  and  may  be  easily  demonstrated.  . . 
These  veins  are  sometimes  branches  of  the  azygos,  coming  from  the 
upper  part  of  the  curvature  or  arch.  The  left  vein  is  sometimes  a  branch 
of  the  common  trunk  of  the  intercostals  of  the  same  side ;  and  some- 
times both  veins  are  branches  of  the  guttural  vein"  (n.  387).  And 
Verheyen  says,  ''  In  a  sheep,  I  found  that  the  bronchial  vein  had  a 
common  origin  with  the  coronary  vein  of  the  heart."  (Corp.  Hum, 
Anat.,  tract,  iii.,  cap.  xii.) 

(I)  This  blood,  running  back  from  the  aorta,  or  from  one  or  more 
of  the  intercostal  arteries,  or  from  the  oesophageal  artery,  now,  as  we 
before  said,  takes  its  second  course  through  the  lungs ;  differently  from 
the  rest  of  the  arterial  blood,  which  first  completes  its  circle  by  passing 
through  the  veins,  before  it  returns  to  its  Lustratory,  the  Lungs.  And 
if  this  same  [bronchial]  blood,  mixed  with  the  blood  of  the  pulmonary 
artery,  and  thus  carried  back  through  the  pulmonary  vein  into  the  left 
chamber  of  the  heart,  and  so  into  the  aorta,  is  recalled  a  second  time 
through  the  bronchial  artery,  in  this  event  it  is  clear  that  it  has  com- 
pleted three  circuits,  during  the  time  in  which  the  remainder  of  the 
blood  has  completed  only  one. 
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before,  associates  and  interweaves  its  branches  with  theirs  (m). 
This  artery,  I.  In  conjunction  with  the  twigs  of  the  par  vagum 
and  intercostal  nerves,  was  what  conceived,  engendered  and 
constructed  the  embryonic  lung,  and  all  its  vessels,  aeriferous, 
arterial  and  venous  (n) ;  and  laid  down  and  formed  those  direct 

(m)  See  above,  note  (A). 

(n)  Before  birth,  and  before  the  opening  of  the  lungs,  that  is,  in 
the  mother's  womb,  the  bronchial  artery  and  vein  were  the  only  vessels 
that  sapptied  the  longs,  and  pervaded  their  intimate  textures  ;  for  the 
entrance  from  the  heart  into  tbe  pulmonary  artery  had  not  then  been 
opened ;  hence  the  bronchial  artery  must  be  r^arded  as  the  architect 
of  the  lungs, — as  the  vessel  that  bmlt  not  only  the  nunute  air-pipes 
and  vesicles,  but  even  the  cells  of  the  interstices,  and  the  reticular 
meshes,  into  the  stamina  of  which,  the  pulmonary  artery  and  vein  are 
afterwards  to  flow.  The  universal  fabric  of  the  body  is  woven  of  nothing 
but  the  exquisite  foliage  and  ultimate  ramifications  of  the  arteries  and 
veins ;  for  these  are  determinant  of  the  lowest  or  corporeal  universal 
essence,  as  was  observed  in  the  Chapter  on  the  Peritonaeum  (n.  314, 
315.)  The  nervous  fibres  flow  into  the  blood-vessels,  and  thus  medi- 
ately give  rise  to  these  compositions  or  creations  ;  as  it  is  my  intention 
to  shew  more  fully  in  Part  III.,  in  treating  of  the  Heart,  the  Arteries, 
the  Veins,  and  the  Blood.  The  minute  stamina  of  all  the  textures  of 
the  body  are  the  products  of  the  weaving  or  interlacement  of  the  arte- 
ries, and  though  they  appear  white  and  in  a  manner  nervous,  yet  during 
severe  inflammation,  and  when  exposed  to  the  pressure  of  fine  injections, 
they  become  expanded,  and  colored  with  sanguine  purple.  Thus  the 
bronchial  artery  must  certainly  be  esteemed  the  parent  of  the  whole 
pulmonic  texture ;  and  no  one  will  refuse  assent  to  this  opinion,  when 
he  recollects  the  absence  of  the  influx  of  the  pulmonary  artery  during 
the  foetal  period.  It  follows  from  the  same  considerations,  that  there 
was  also  a  vein  present,  which  worked  those  tissues  in  conjunction  with 
the  artery,  and  returned  the  blood  into  circulation.  Nevertheless,  I 
cannot  help  doubting,  that  this  vein  can  be  conspicuous  afler  birth  in 
all  subjects,  since  according  to  Ruysch's  observation  (A),  the  bronchial 
artery  forms  numerous  anastomoses  with  the  pulmonary  artery,  and 
does  not  send  forth  all  the  blood  through  the  channels  made  use  of  in 
the  primeval  body,  but  on  the  contrary  sends  the  greater  part,  if  not 
all,  into  the  pulmonary  art«ry  and  vein,  and  so  into  the  left  chamber 
of  the  heart.  On  this  subject  Heister  says,  "  I  saw  them  [the  bron- 
chial veins]  clearly  and  distinctly  for  the  first  time  in  a  female  subject : 
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passives  along  which  the  atmospheric  air  and  the  cardiac  blood 
are  to  pass  and  glide  in  the  second  period  of  life :  thus  this 
artery  was  once  the  parent,  but  now  the  change  in  its  fortunes 
has  made  it  the  daughter  and  the  slave  (o).  II.  It  still  per- 
forms a  sort  of  parental  office,  for  it  in  a  manner  runs  before, 
and  points  out  the  way  that  is  to  be  followed,  as  far  as  the  reti- 
cular goals  of  the  limgs,  where  it  receives  the  pulmonary  artery 
in  the  guest-chamber  which  it,  (the  bronchial  artery,)  for- 
merly prepared  {p) ;  and  teaches  the  former  to  play  the  artery, 

they  ran  in  several  branches  from  the  intercostal  veins  to  the  bronchia : 
.  .  .  they  are  not,  however,  always  to  be  met  with"  (n.  385). 

(o)  Proceeding  by  a  continuous  series  of  inductions,  we  cannot 
escape  the  conclusion,  that  the  bronchial  artery  wove  the  channels, 
great  and  small,  through  which  afterwards  the  pulmonary  veins  and 
arteries  run  ;  and  hence  that  these  pulmonary  vessels  pass  within  coats 
formed  by  the  shoots  of  the  bronchial  artery.  For  if  this  artery  con- 
structed all  these  parts,  then  of  course  it  must  have  constructed  the 
coats  and  little  sheaths  for  the  cardiac  blood  that  was  afterwards  to 
come, — for  what  is  now  the  general  pulmonic  blood  :  on  this  account  it 
is,  that  we  say  that  the  bronchial  artery  has  ceased  to  be  a  parent  and 
become  a  daughter, — ^has  ceased  to  be  a  mistress  and  become  a  hand- 
maid. The  animal  body  is  obnoxious  to  similar  fortunes  in  other 
respects ;  for  Nature,  that  was  the  mistress  in  the  uterine  or  anti- 
respiratory  epoch,  is  subject  after  birth  to  the  yoke  and  dominion  of 
the  will ;  that  is  to  say,  the  essential  active  powers  of  the  soul  are  subject 
to  the  efforts  of  the  will :  the  knowledge  possessed  by  the  soul,  which  is 
a  universal  knowledge,  is  subject  to  the  mere  judgments  of  the  rational 
mind ;  and  the  principle  which  bore  sway  in  the  state  of  integrity,  now 
delivers  up  that  sway  into  the  hands  of  its  own  slave.  But  we  shall 
speak  further  of  these  subjects  in  our  Psychology. 

(p)  This  is  another  branch  of  the  conclusion  necessarily  resulting 
from  our  premises.  For  the  bronchial  artery  now  conducts  the  pulmo- 
nary artery  in  two  ways  to  its  ultimate  and  reticular  stadia ;  in  the 
first  place  it  furnishes  the  coat  of  the  pulmonary  artery,  since,  as  we 
before  observed,  it  constructed  the  coats  of  all  these  vessels  out  of  its 
own  branches ;  in  the  second  place,  it  pours  its  blood  by  anastomoses, 
into  the  blood  of  the  pulmonary  artery.  And  it  is  probable,  that  it 
retains  a  few  capillaries  of  its  own  in  these  ultimate  networks,  inasmuch 
as  Ruysch's  injection  thrown  in  through  the  bronchial  artery  ran  all  the 
way  to  the  finest  capillary  threads  ;  see  above,  note  (ff).     Whether  all 
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although  it  carries  venous  blood  {q).  III.  The  bronchial  artery 
regulates^  balances^  and  equalizes  the  respective  quantities  of 
the  cardiac  blood  rushing  into  the  lungs^  and  of  the  pulmonic 
blood  returning  into  the  heart ;  that  is  to  say,  whenever  either 
organ  labors  under  superabundance  or  deficiency  of  blood :  for 
where  there  are  two  quantities  actuated  by  diflFerent  currents  of 
motion,  there  must  be  some  regulation,  level,  and  equation ;  so 
that  if  either  too  much  or  too  little,  relatively  to  the  desire  of 

the  capillary  ramifications  are,  or  are  not,  common  to  the  two  arteries, 
I  am  not  able  to  decide.  But  if  in  the  reticulations  the  bronchial  artery 
has  threads  of  its  own,  and  runs  forth  by  them  into  the  coats  formed 
for  the  branches  of  the  pulmonary  artery ;  and  if  Ruysch's  observation 
be  correct,  that  it  admits  the  blood  of  that  artery,  by  means  of  anas- 
tomoses, into  its  own  vessels,  then  it  follows  as  a  consequence,  agree- 
ably to  our  proposition,  that  the  bronchial  artery  performs  the  duties 
of  parentage,  points  the  way  for  the  pulmonary  artery,  and  receives 
the  latter  in  the  chamber  which  before  birth  it  (the  bronchial  artery) 
prepared. 

(q)  I  endeavored  to  shew  above  (n.  407),  that  the  pulmonary 
artery  conveys,  not  arterial,  but  simply  venous  blood,  and  that,  there- 
fore, properly  speaking,  it  is  a  vein  and  not  an  artery  :  but  that  since 
it  diminishes  in  size,  and  increases  in  the  number  of  its  branches,  in 
the  direction  of  its  current  of  blood ;  and  since  in  its  ultimate  branches 
it  performs,  in  respect  of  secretion,  the  office  of  an  artery ;  that  on 
this  ground  it  must  be  regarded  as  an  artery ;  and  that  taking  all  the 
circumstances  into  account,  the  name  venous  artery,  given  to  it  by  the 
ancients,  is  its  suitable  appellation.  From  the  above  genesis  of  the 
pulmonary  artery,  and  its  inauguration  into  arterial  peculiarities  of  func- 
tion by  means  of  its  association  with  the  bronchial  artery,  we  learn  how 
a  vessel  that  carries  venous  blood,  is  enabled  to  play  the  part  of  an  artery 
at  its  extremities.  The  power  to  do  this,  is  communicated  to  the  pul- 
monary artery  by  its  companion  or  attendant,  the  bronchial  artery, 
which  latter,  arising,  as  it  does,  from  the  aorta,  transfers  the  arterial 
character  to  the  ultimate  branches  of  the  venous  artery,  by  connecting 
and  involving  itself  therewith.  Thus  the  venous  artery  derives  its 
proper  name  from  this  its  parent ;  wherefore  the  bronchial  artery  seems 
properly  to  play  the  artery,  but  the  pulmonary  artery  to  play  the  vein. 
Hence  the  combination  and  unition  of  these  two  characters,  presents 
us  once  more  with  the  same  conclusion ;  namely,  that  the  pulmonary 
artery  ought  preferably  to  be  termed  the  venous  artery. 
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the  lungs,  be  poured  in  by  the  right  cavity  of  the  heart,  and 
consequently  too  much  or  too  little  be  poured  back  into  the  left 
cavity,  the  deficiency  may  be  supplied  firom  the  common  chan- 
nel of  the  aorta,  or  the  superabundance  be  thrown  out  into  the 
common  channel  of  the  intercostals  or  into  the  vena  azygos  (r). 

(r)  It  is  very  evident  from  the  varying  force  and  frequency  of  the 
pulsations  of  the  heart,  as  well  as  from  its  palpitations,  flutterings  and 
spasmodic  actions,  that  that  organ  sucks  in  from  the  veins  varying 
quantities  of  blood ;  at  one  time  too  much,  at  another  time  too  little ; 
and  it  is  likewise  manifest  from  the  irregularity  of  the  motions  and 
sighs  of  the  lungs,  that  they  also  demand  different  quantities  of  blood  ; 
at  one  time  much,  at  another  time  little  ;  particularly  after  they  have 
been  for  any  length  of  time  under  the  direction  of  the  will,  as  during 
speech,  and  other  daily  acts  of  respiration,  when  the  invitations  or 
desires  of  the  lungs  do  not  correspond  with  the  incitations  of  the  heart. 
Besides,  since  the  heart  and  lungs  are  uniformly  discordant  in  their 
motions,  it  is  necessary  that  there  should  be  a  regulative  and  managing 
artery  to  reduce  these  quantities  to  some  kind  of  equilibrium.  Let  us 
take  in  illustration  a  single  example.  During  passion,  anger,  fury, 
great  trials  of  strength,  wrestling,  fighting,  &c.,  a  large  amount  of 
blood  is  collected  in  the  arteries,  the  maintenance  of  bodily  strength 
requiring  it,  and  but  little  is  sent  into  the  veins.  This  condition  is  con- 
stant with  intrepid  persons, — with  those  who  are  animated  with  what 
we  term  heroic  valor.  Let  us  suppose  also  the  contrary  case,  namely, 
that  the  greater  part  of  the  blood  runs  away  from  the  arteries  into  the 
veins,  as  during  fear  and  firight,  which  condition  is  usual  with  timid 
persons.  If  either  of  these  opposite  conditions  occurs,  it  is  evident 
that  the  equilibrium  between  the  arterial  and  venous  blood  is  disturbed ; 
that  in  the  former  case  but  fittle  venous  blood  flows  into  the  right  ven- 
tricle of  the  heart,  and  consequently  but  Httle  from  the  heart  into  the 
lungs ;  in  the  latter  Qase,  that  an  excessive  quantity  of  venous  blood 
beleaguers  the  right  side  of  the  heart,  and  threatens  to  inundate  the 
right  auricle  ;  and  hence  a  similar  excessive  quantity  is  poured  into  the 
lungs,  even  despite  their  disinclination  to  receive  it.  Now  the  bronchial 
artery  and  vein  seem  to  be  brought  to  bear  to  equalize  these  quantities ; 
for  if  the  lungs  labor  under  deficiency,  these  vessels  can  then  command 
suflident  blood  to  supply  that  deficiency,  from  the  trunk  of  the  aorta 
or  from  the  intercostal  arteries ;  but  if,  on  the  other  hand,  the  lungs 
labor  under  excess,  the  same  vessels  reject  the  superabundance,  which 
the  cavity  of  the  heart's  right  auricle  refuses  to  receive,  into  the  vena 
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IV.  The  bronchial  artery  serves  to  equalize  the  quality  as  well 
as  quantity  of  the  venous  bloody  or  that  of  the  right  ventricle 
of  the  hearty  just  as  the  hepatic  artery  serves  to  equalize  the 
quality  of  the  venous  blood  in  the  liver;  for  it  besprinkles  this 
thick  and  squaUd  blood,  scraped  together,  as  it  is,  fix)m  so  many 
muddy  streams,  with  blood  that  has  been  once  lustrated  by  the 
lungs,  and  dilutes  and  vivifies  it,  so  that  it  is  no  longer  slow 
and  lazy,  but  performs  its  functions  with  rapidity  («).     V.  By 

azygosy  or  some  one  of  its  intercostal  roots.  Thus  by  means  of  their 
bronchial  arteries  and  veins,  the  lungs  are  enabled  to  equalize  these  quan- 
tities, and  so  to  modify  and  accommodate  their  own  thirst  and  hunger, 
as  well  as  the  liberality  and  profusion  of  the  heart,  as  that  these  conditions 
shall  fall  into  an  exact  equation.  This  matter  might  be  illustrated  by 
many  similar  examples,  for  there  is  not  a  single  voluntary  action,  espe- 
cially if  excited  by  the  emotions  of  the  animal  mind,  that  does  not  in 
some  measure  alter,  and  produce  some  degree  of  discordance  in,  the 
equilibration  between  the  arterial  and  venous  blood,  the  appetencies  of 
the  longs,  and  the  supplies  of  the  heart.  Hence  were  there  no  r^u- 
lative  artery,  the  harmony  between  these  viscera  would  soon  be  at 
an  end. 

(«)  We  treated  of  the  equation  of  the  blood,  both  with  respect  to 
quantity  and  quality,  in  the  Chapter  on  the  Liver.  The  equation  of 
the  blood  with  respect  to  quality  appears  to  form  no  mean  part  among 
the  uses  of  the  bronchial  artery ;  for  as  was  shewn  above,  the  venous 
blood  of  the  heart  is  sometimes  so  much  adulterated  by  a  number  of 
impure  humors,  that  it  is  with  difficulty  it  can  struggle  to  the  ultimate 
threads  of  the  reticular  web  or  rete  mirabUe,  but  it  is  visdd,  sluggish 
and  sticky,  and  blocks  up  its  own  channels ;  thus  laying  the  foundation 
for  the  frequent  abscesses  and  vomicse  found  in  the  lungs.  In  order 
then  that  this  sluggishness  may  be  discussed,  and  the  blood  improved 
in  fluidity,  an  arterial  supply  is  summoned  by  the  bronchial  artery,  and 
poured,  through  anastomoses,  into  the  branches  of  the  pulmonary 
artery.  The  aortic  or  arterial  blood  is  intrinsically  and  naturally  quick 
and  lively,  on  account  of  having  just  undergone  purification  in  the 
lungs ;  and  hence  when  poured  upon  the  venous  blood,  it  gives  it 
fluidity,  and  puts  it  in  spirits ;  and  this,  the  more  rapidly,  because  the 
bronchial  artery,  as  shewn  above,  notes  (o)  and  {p),  constructs  the  pas- 
sages, runs  on  before,  and  points  the  way.  [Tbe  blood  of]  this  ar- 
tery seems  to  have  something  of  the  same  effect  as  the  blood  of  the 
coronary  artery  of  the  heart.     "  The  bronchial  artery,"  says  Winslow, 
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means  of  this  artery  and  vein,  the  lungs  concur  with  the  or- 
ganic machine  of  the  thorax,  and  produce  therewith  unanimous 
actions ;  for  the  intercostal  arteries  and  veins,  as  also  the  vena 
azygos,  from  which  these  bronchial  vessels  arise,  are  the  vessels 
that  excite  all  the  respiratory  muscles  of  the  body,  to  forces  and 
actions  correspondent  and  alternate  with  the  internal  breath- 
ings of  the  lungs  (/). 

"  gives  off  a  small  branch  to  the  auricle  of  the  heart  on  the  same  side, 
which  branch  communicates  immediately  with  the  coronary  artery" 
(n.  387).  For  the  blood  which  circulates  through  the  coronary  arteries 
as  well  as  veins,  comes  from  the  right  ventricle  of  the  heart  and  not 
from  the  aorta,  as  shewn  in  my  Econamy  of  the  Animal  Kingdom,  in 
the  Treatise  on  the  Blood  and  the  Heart,  n.  407)  seqq,,*  and  as  will  be 
further  demonstrated  in  the  next  Part  of  this  Work :  consequently  the 
coronary  blood  is  altogether  venous.  The  bronchial  artery  unites  with 
the  coronary,  in  order  that  it  may  dilute  and  vivify  this  blood  also,  in 
like  manner  as  the  blood  of  the  pulmonary  artery ;  for  it  seems  to 
carry  it  away  towards  the  lungs.  It  performs  a  like  office  when  it 
unites  vrith  the  vena  azygos  or  any  of  its  branches ;  respecting  its 
union  with  which,  Winslow  says,  "In  the  year  1719,  I  observed  a 
very  plain  anastomosis  between  some  branches  of  the  left  pulmonary 
vein,  and  of  one  of  the  oesophageal  arteries,  which  came  from  the  first 
left  intercostal,  together  with  a  bronchial  artery  of  the  same  side.  I  also 
observed  an  anastomosis  between  the  left  bronchial  artery  and  the  vena 
azygos"  (n.  387).  The  blood  of  the  azygos  and  intercostal  veins  is 
almost  of  the  same  character  as  the  blood  of  the  pulmonary  artery : 
thus  the  bronchial  artery  forms  anastomoses  with  these  veins  of  the 
body,  for  the  same  reason  for  which  it  forms  anastomoses  ultimately 
with  the  pulmonary  artery ;  namely,  for  the  sake  of  improving  the 
quality  of  the  blood,  and  rendering  it  more  fluid. 

(t)  The  intercostal  arteries  and  veins,  with  the  vena  azygos,  are  the 
vessels  that  supply  the  intercostal  and  other  respiratory  muscles,  and 
the  pleura.  This  needs  no  demonstration,  for  the  arteries  come  for 
the  purpose  from  the  trunk  of  the  aorta,  and  when  the  work  is  done, 
the  veins  discharge  themselves  into  the  vena  azygos  and  vena  cava. 
The  only  point  requiring  proof,  is,  that  all  the  bronchial  arteries  come 

*  The  passage  in  the  Economy  of  the  Animal  Kingdom  here  referred  to,  does 
not  contain  precisely  this  statement,  but  seems  to  imply,  that  the  blood  of  the  coro- 
nary arteries  and  veins  arises  from  aU  the  auricles  and  ventricles,  although  from  the 
right  ventricle  especially.     Sec  also  n.  403  of  that  Work. — (Tr.J 
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410.  But  we  must  now  draw  to  a  conclusion^  and  in  fine 
contemplate  not  the  details^  but  the  sum  and  amount  of  the 
matter.  Respiration  is  threefold, — natural,  voluntary,  and  mixed. 
Natural  respiration  prevails,  when  the  lungs  from  internal 
causes,  and  the  thorax  from  external  causes,  perform  a  pro- 

originally  from  the  intercostals,  and  thus  communicate  with  those  arte- 
ries that  excite  the  respiratory  muscles ;  so  that  as  a  result,  there  is  a 
certain  correspondence  between  the  external  motions,  which  are  chiefly 
voluntary,  and  the  internal  motions  of  the  lungs,  which  are  natural. 
But  the  nature  of  the  correspondence  is  a  subject  involving  detailed 
treatment.  "  Sometimes  one  bronchial  artery,"  says  Winslow,  "  gives 
off  several  of  the  superior  intercostals ;  sometimes  several  bronchial 
arteries  send  off  separately  the  same  number  of  intercostals"  (n.  387, 
and  note(tf),  above).  See  also  Heister,  n.  385.  "The  bronchial 
artery,"  says  Rnysch,  "  arises  from  the  posterior  part  of  the  descend- 
ing aorta,  at  about  a  finger-breadth  above  the  uppermost  of  the  inter- 
costal arteries  that  arise  from  the  descending  aorta,"  &c.  (Dilucid. 
Falvul,,  cap.  iv.,  obs.  xv.)  See  also  Ruysch's  delineation  of  the  origin 
of  this  artery.  Ibid,,  fig.  9.  With  respect  to  the  statement  that  the 
bronchial  artery  sometimes  arises  from  the  oesophageal  artery,  it  is  to 
be  observed,  that  the  oesophageal  artery  communicates  closely  with 
some  one  of  the  intercostals,  as  Ruysch  notices  in  his  ^pist,  Anat,  vi. 
in  the  description  of  tab.  vii.,  fig.  3,  (inserted  also  in  Mangetus, 
Theatr,  Anat.,  tab.  xci.,)  where  he  indicates  that  "  c  is  the  oesopha- 
geal artery,  arising  from  the  superior  intercostal,  and  which  has  been 
hitherto  neglected  by  anatomists."  This  furnishes  another  proof  of  my 
proposition,  that  the  bronchial  artery  arises  either  immediately  or  me- 
diately from  one  of  the  intercostals,  and  that  the  bronchial  vein  termi- 
nates in  one  or  another  of  the  intercostal  veins,  or  of  the  branches  of 
the  vena  azygos.  Thus  these  proper  vessels  of  the  lungs  are  in  con- 
stant communication  with  the  external  organic  mechanism  formed  by 
the  muscles,  so  that  the  external  forces  are  harmonized  with  the  internal. 
Another  question  arises,  namely,  whether  or  not  this  artery  carries  off 
any  impure  serosity  from  the  blood  going  to  the  intercostal  or  respiratory 
muscles ;  the  affirmative  to  which  appears  to  derive  probabiUty  from  the 
law,  that  every  vessel  supplies  such  blood  as  the  [parts  at  its]  extremes 
require  and  expend ;  from  which  we  must  suppose,  that  the  secretions 
in  the  ultimate  or  intimate  constituents  of  the  lungs  demand  that  this 
artery  should  bring  in  a  large  amount  of  serosity.  But  on  account  of 
the  indeterminate  and  varying  anastomoses  between  this  artery  and  the 
intercostals,  I  dare  not  do  more  than  regard  this  use  as  a  probability. 
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longed  series  of  unanimous  reciprocations;  and  it  prevails  in  one 
manner  during  the  day^  in  another  manner  during  the  night  {u). 
Voluntary  respiration  is  various  according  to  the  degree  of 
wakefulness  enjoyed  by  the  senses^  and  the  animal  and  rational 
minds^  and  according  to  the  forces  brought  into  action  in  the 
body,  that  is  to  say,  according  to  the  bodily  exercises ;  and  it 
may  be  either  pure,  or  alternating  with  natural  respiration;  in 
which  latter  case  it  constitutes  mixed  respiration  (x).  The  re- 
spirations are  irregular,  the  irregularity  depending  upon  the 
state  of  the  lungs,  or  of  the  palate,  the  larynx,  the  trachea, 
the  bronchia,  the  vesicles,  the  interlobular  cellular  tissue,  the 

{u)  I  term  respiration  natural,  when  no  voluntary  action  is  super- 
added to  the  natural  action.  This  condition  obtains  as  well  during  the 
waking  state  as  during  sleep ;  namely,  whenever  we  make  no  demand 
upon  the  inspiratory  or  intercostal  muscles,  to  cause  the  external  mo- 
tions to  act  synchronously  with  the  internal  forces,  but  permit  them  to 
proceed  of  their  own  accord.  For  the  animation  of  the  brain,  where- 
with the  respiration  of  the  lungs  conspires,  goes  on  or  alternates  as  a 
natural  necessity,  in  order  to  provide  the  body  with  nervous  juice. 
But  as  soon  as  we  excite  the  respiratory  muscles  by  the  will,  move- 
ments are  generated  not  consonant  with  the  former  movements,  and 
mixed  respiration  is  the  result ;  as  in  all  exercitations  of  the  body,  in 
all  emotions  of  the  animal  mind,  and  in  all  exertions  of  the  rational 
mind.  In  these  cases,  something  always  occurs  that  interrupts  the 
constancy  of  the  movements,  and  resists  the  natural  internal  nina  of 
the  lungs.  But  natural  respiration  during  the  day  is  different  ^m 
natural  respiration  during  the  night :  in  the  former  instance,  the  lungs 
are  partially  inflated,  so  as  to  allow  a  ready  passage  to  and  fro  for  the 
air,  and  to  enable  them  to  comply  immediately  with  the  slightest  inti- 
mation of  the  will :  and  there  is  besides  a  corresponding  state  of  the 
whole  body, — ^its  membranes,  tendons,  and  muscles. 

{x)  The  sensitive  and  active  forces  of  die  body  may  be  so  much 
strained,  that  very  little  is  left  to  nature;  only  in  fact  sufficient  to 
enable  her,  according  to  the  general  state,  also  superinduced  by  the 
will,  to  resist  the  voluntary  forces,  and  prevent  them  ^m  exceeding 
their  limits  of  power.  Thus  the  voluntary  force  is  conjoined  with  the 
natural,  in  the  exact  d^ee  in  which  the  voluntary  principle  abates  its 
efforts  ;  for  the  force  of  nature  decreases  in  proportion  as  the  force  of 
the  will  increases,  and  vice  versa  :  the  one  acts  in  a  manner  against  the 
other ;  the  will,  namely,  a  posteriori  ad  priora,  or  from  without  to 

VOL.  II.  PART  II.  CHAP.  IV.  P 
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pedicles^  the  rete  mirabile^  or  the  air;  of  the  arteries  and  yeins^ 
puhnonarjr  and  bronchial^  and  of  the  blood  and  other  humors ; 
of  the  fibres  of  the  pneumonic  plexus,  and  of  the  animal  spirits : 
depending  also  upon  the  state  of  the  thoracic  cavity^  of  the 
pleura,  the  mediastinum,  the  ligament,  the  diaphragm,  the  pe- 
ricardium, the  heart,  the  sternum,  the  vertebrse,  and  the  ribs ; 
upon  the  state  of  the  breast,  the  pectoral  muscles,  tendons, 
aponeuroses,  blood-vessels  and  nerves :  upon  the  state  of  the 
cerebrum,  cerebellum,  medulla  oblongata  and  medulla  spinalis, 
with  the  animations  of  which  the  respirations  of  the  lungs  ac- 
cord in  their  details  and  stages :  and  lastly,  upon  the  general 
condition  of  the  muscular,  membranous,  sanguineous,  and  nerv- 
ous systems.  Hence  we  may  have  respirations,  either  even,  slow, 
deep,  laborious,  weak,  harsh,  compressed,  sharp,  hissing,  hoarse, 
stertorous,  painful,  attended  with  fits  of  choking ;  or  uneven, 
quick,  tacit,  fiill,  easy,  gentle,  &c.;  and  the  same  [differences]  in 
action,  voice,  and  sound  (y).  These  are  so  many  diagnostic  and 
pathognomic  signs,  revealing  in  a  general  manner  the  ailments 
and  diseases  of  the  body  and  animal  mind ;  signs  which  are  ap- 
plicable whether  the  disease  be  asthma,  continued  or  periodical, 
dry  or  moist,  idiopathic  or  sympathetic,  attended  with  dyspnoea 
or  orthopnoea:  or  whether  it  be  angina  [quinsey],  watery, 
oedematous,  catarrhal,  schirrous,  inflammatory,  suppurative, 
gangrsenous,  or  convulsive :  or  phthisis,  proceeding  fix)m  ulcera- 
tion, empyema,  abscess,  vomica,  or  crude  tubercles :  or  whether 
it  be  peripneumonia,  pleuritis,  catarrhus  suffocans,  hectic  fever, 
vertigo,  swooning,  or  phrenitis,  &c.  Iri  fine,  these  signs  are  equally 

within ;  but  nature  a  priori  ad  posteriora,  or  from  within  to  without. 
This  perpetual  renitency  and  collision  are  the  grounds  why  the  fortunes 
of  human  life  are  limited  to  so  brief  a  span. 

(y)  We  may  discern  the  general  condition  of  the  body,  fiom  the 
diversities  of  both  the  natural  and  voluntary  respiration.  For  the  same 
weakness  and  duUness,  or  spiritedness  and  istrength,  are  displayed  in 
the  actions  of  the  body,  as  in  the  little  actions  of  the  trachea  and  the 
larynx,  that  is,  in  sounds  and  speech :  and  although  during  sickness  we 
seem  to  be  able,  by  an  act  of  the  will,  to  superadd  a  certain  amount  of 
force  to  the  natural  state,  yet  this  only  makes  the  indications  more 
manifest  when  we  return  to  ordinary  respiration.  From  the  above 
considerations  we  may  conclude,  that  the  diagnosb  of  diseasea  may  be 
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important,  whether  the  disease  come  by  defluxion  firom  the 
brain  and  animal  mind,  or  proceed  by  influxion,  into  the  brain 
and  animal  mind  (z) ;  for  the  lungs  manifest  what  the  brains 
conceal.  But  other  matters  await  our  attention,  and  compel  us 
to  close  the  present  subject. 

founded  with  equal  correctness  upon  the  respiration  of  the  lungs  and 
upon  the  pulse  of  the  arteries,  although  it  is  indeed  better  to  derive  it 
firom  both. 

(t)  It  is  in  consequence  of  the  agreement  between  the  animations  of 
the  brain  and  the  respirations  of  the  lungs,  that  we  can  form  a  diag- 
nosis of  the  affections  and  diseases  of  the  brain,  by  considering  the 
corresponding  manifestations  in  the  lungs.  I  allude  to  such  affections 
as  apoplexy,  hemiplegia,  paraplegia,  paralysis,  epilepsy,  catalepsy,  de- 
lirium, phrenitis,  vertigo,  swooning,  and  the  like.  But  of  the  above 
influx  and  reflux,  I  intend  to  speak  in  Part  XI.,  when  I  come  to 
treat  of  Diseases,  particularly  those  of  the  Head  or  Cerebrum ;  and 
in  Part  XIV.,  on  the  Affections  and  Disorders  of  the  Animus. 
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CHAPTER  V. 


THE   PLEURA,   THE   MEDIASTINUM,    AND   THE   PERICARDIUM. 

411.  Heister.  ''The  pleura  is  a  smooth,  strong,  tense  mem- 
brane, adhering  to  the  ribs  and  to  the  intercostal  muscles,  and  sur- 
rounding the  whole  cavity  of  the  thorax.  1 .  It  consists  of  two  sacs, 
each  of  which  invests  one  side  of  the  thorax,  and  each  contains  one  of 
the  two  great  lobes  of  the  lungs  :  the  conjunction  of  these  sacs  in  the 
middle  of  the  thorax  produces  the  mediastinum.  2.  It  is  composed  of 
two  very  vascular  lamellee.  3.  It  has  numberless  arteries,  arising  from 
the  intercostal,  mammary,  and  phrenic  arteries:  veins,  arising  from 
the  veins  corresponding  in  name  to  the  above  arteries,  but  all  of  which 
terminate  in  the  trunk  of  the  vena  azygos,  and  of  the  superior  vena 
cava  :  nerves,  from  the  thoracic  vertebrae,  and  from  the  phrenic 
nerves;  and  lymphatics,  which  run  to  the  thoracic  duct.  4.  Some 
vrriters  attribute  glands  to  the  pleura,  but  without  good  reason.  (Camp. 
Anat.y  n.  255.)  All  observations  to  this  effect  have  been  made  upon 
diseased  subjects,  and  derived  from  morbid  conditions ;  but  glands  have 
never  been  shewn  in  the  pleura,  so  far  as  my  knowledge  extends,  in 
healthy  bodies.  Hence  I  am  induced  to  think,  that  the  corpuscules 
taken  for  glands,  are  nothing  more  than  tubercles,  the  products  of 
disease,  which  have  owed  their  origin  to  the  stoppage  of  earthy  or 
viscid  matter  in  the  delicate  little  arteries  of  these  membranes,  &c. 
(Jhid.,  not.  6.) 

412.  "The  mediastinum  is  a  double  membrane,  continuous  with 
the  pleura,  situated  under,  and  firmly  connected  to,  the  sternum,  and 
the  cartilages  of  the  ribs  on  the  left  side,  and  dividing  the  cavity  of  the 
thorax  longitudinally  into  two  unequal  parts.  Between  the  two  mem- 
branes of  which  this  double  membrane  is  composed,  there  is  a  cellular 
interstice  of  considerable  size ;  1,  in  the  part  nearest  the  diaphragm, 
in  which  inflammations  and  abscesses  sometimes  occur ;  and  2,  in  the 
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upper  part  of  the  thorax  where  the  thymus  gland  is  situated.  (Ibid,, 
n.  253.)  Many  anatomists  of  great  credit  deny  the  existence  of  this 
interstice ;  pronouncing  it  altogether  imaginary,  and  contending  that  it 
is  made  hy  the  yiolence  employed  in  raising  the  sternum.  But  for  my 
part,  I  have  found  it  constantly  present,  not  only  in  the  upper  part, 
hut  also  in  the  part  next  the  diaphragm ;  and  this,  although  the  ster- 
num he  raised  as  gently,  and  as  little,  as  possible,  just  so  as  to  allow 
the  diaphragm  to  be  easily  separated  from  it.  With  the  gentle  eleva- 
tion which  I  have  used,  I  cannot  believe  that  any  change  could  be  made 
in  the  parts,  or  any  new  and  preternatural  condition  be  produced.  In 
a  public  demonstration  which  I  gave  in  the  year  1730,  I  shewed  a  case 
in  which  this  interstice  was  so  large,  that  the  right  membrane  of  the 
mediastinum  adhered  to  the  middle  of  the  sternum,  while  the  left  ad* 
hered  only  to  the  cartilages  of  the  ribs  on  the  left  side.  It  may  be 
added,  that  various  writers  relate  instances  of  abscesses  and  pus  formed 
therein;  and  [J.  I.]  Mayer,  a  recent  author,  affirms  that  he  has  frequently 
found  it  to  contain  serum.  (Ibid,,  not.  39.)  The  mediastinum  is  con- 
nected with  the  pleura,  the  sternum,  the  pericardium,  and  other  neigh- 
boring parts.  It  is  not  situated  exactly  behind  the  middle  of  the 
sternum,  but  descends  gradually  from  right  to  left,  whence  the  right 
half  of  the  thorax  is  rendered  larger  than  the  left.  The  arteries  and 
veins  of  the  sternum  arise  from  the  mammary  and  phrenic  arteries  and 
vein9,  but  sometimes  it  has  vessels  of  its  own  coming  directly  from  the 
aorta  and  vena  cava,  and  which  when  present  are  termed  the  medias- 
tinal vessels.  Its  nerves  are  small,  and  come  from  the  phrenic  nerves 
and  par  vagum.  It  has  also  lymphatics,  which  run  to  the  thoracic 
duct.  The  uses  of  the  mediastinum  are,  I.  To  divide  the  thorax  lon- 
gitudinally into  two  parts,  for  several  important  purposes ;  as,  1 .  That 
if  one  of  the  lungs  be  ulcerated,  the  other  may  not  readily  become  in- 
fected. 2.  That  pus,  water,  &c.,  contained  in  one  cavity  of  the  thorax, 
may  not  affect  both  lungs  at  once.  3.  That  when  one  side  of  the 
thorax  is  wounded,  respiration  may  be  still  maintained  in  the  other,  so 
that  immediate  suffocation  shall  not  take  place.  II.  To  keep  the  heart 
pendulous,  and  thereby  ensure  its  free  motion,  particularly  when  we 
are  lying  on  our  backs.  (Ibid,,  n.  253.) 

413.  ''In  examining  the  sternum,  we  have  to  attend  to  its  situa- 
tion ;  to  its  figure,  which  is  like  that  of  a  dagger ;  and  to  its  state 
during  infancy,  when  it  consists  of  several  pieces :  also  to  the  number 
of  pieces  of  which  it  is  composed  in  adults,  varying,  namely,  from  one 
to  three.  Its  substance  is  frmgoid  and  spongy.  Its  upper  part  is 
termed  the  manubrium  or  handle ;  and  in  this  there  is  on  each  side  a 
cavity  for  the  articulation  of  the  clavicles,  frimished  with  a  moveable 


Digitized  by  VjOOQ IC 


214  THE   ANIMAL   KINGDOM. 

cartilage.  The  middle  part  of  this  hone  is  very  narrow^  and  its  lower 
part  is  again  hroad.  To  the  latter  is  connected  a  cartilage^  called, 
from  its  shape,  the  ensiform  or  xiphoid  cartilage.  This  is  frequently 
biAircated,  and  not  seldom  ossified  throughout.  The  sternum  has 
seven  cavities  on  each  side,  for  its  articulation  with  the  true  ribs. 
(Ibid.,  n.  135.) 

414.  *'In  examining  the  ribs,  called  by  the  Greeks  pleurae,  we 
have  to  consider  their  situation ;  their  very  different  sizes,  the  middle 
ribs  being  the  largest,  and  those  above  and  below  them  comparatively 
small ;  their  singular  inclination  downwards ;  their  connexions,  motion, 
and  ligaments ;  their  number,  which  is  twelve  on  each  side ;  and  their 
division  into  true  and  Mse  ribs.  The  ribs  are  in  part  osseous,  and  in 
part  cartilaginous  ;  the  latter  anteriorly,  the  former  posteriorly.  They 
are  of  a  curved  figure,  concave  within,  convex  without,  and  thereby 
aid  in  the  peculiar  conformation  of  the  cavity  of  the  breast.  £ach  rib 
consists  of  a  body  and  two  extremities.  When  we  examine  the  body  of 
a  rib,  we  observe  an  internal  and  external  surface ;  an  interior  and  ex- 
terior, a  superior  and  inferior  labrum  or  margin ;  and  a  groove  in  the 
inferior  mai^  of  each  of  the  nine  or  ten  upper  ribs,  which  groove 
lodges  the  intercostal  vessels.  Some  writers  have  given  each  rib  a  par- 
ticular name,  but  they  ar^  better  distingoished  by  their  number,  as 
first,  second,  third,  &c.  In  the  anterior  extremities,  the  cartilages  of 
the  seven  true  ribs  are  all  joined  to  the  sternum  ;  those  of  the  eighth, 
ninth,  and  sometimes  of  the  tenth,  are  connected  to  the  seventh,  and 
to  each  other,  by  means  of  transverse  cartilages.  The  anterior  extre- 
mities of  the  odiers  are  loose  and  free,  lying  between  the  muscles  of 
the  abdomen  and  the  diaphragm.  On  the  posterior  extremities  of  most 
of  the  ribs,  there  are  two  capitula  or  little  heads,  which  are  strongly 
joined  to  the  dorsal  vertebrae,  forming  moveable  articulations ;  and  be- 
side the  anterior  capitulum  we  observe  a  rough  tubercle,  with  a  ligament 
inserted  into  it,  but  this  capitulum  is  wanting  in  the  two  or  three 
lower  ribs."  (Rid.,  n.  131—134.) 

415.  WiNSLOw.  "The  pleura  is  a  membrane  which  adheres  very 
closely  to  the  internal  surface  of  the  ribs,  sternum,  intercostal,  sub- 
costal, and  stemo-costal  muscles,  and  to  the  convex  side  of  the  dia- 
phragm. It  is  of  a  very  firm  texture,  and  plentifully  stored  with 
blood-vessels  and  nerves,  in  both  of  which  respects  it  resembles  the 
peritonaeum,  being  like  it  composed  of  a  true  membranous  lamina, 
which  forms  its  carity,  and  of  a  cellular  tissue,  which  forms  its  con- 
vexity, and  which  is  a  production  or  continuation  of  the  lamina.  The 
cellular  portion  goes  quite  round  the  inner  surface  of  the  thorax,  but 
the  membranous  portion  is  disposed  in  a  different  manner.     Each  side 
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of  the  thorax  has  its  particular  pleura.  The  two  pleurse  are  entirety 
distinct  from  each  other ;  and  resemble  two  large  bladders,  put  t<^ther 
side  by  side  in  the  cavity  of  the  chest,  in  such  a  manner,  as  by  their 
apposition  between  the  vertebrse  and  sternum,  to  form  a  duplicature  or 
septum ;  their  other  sides  adhering  to  the  ribs  and  dii^hragm.  This 
duplicature  of  the  pleuree  is  termed  the  mediastinum.  The  two  laminae 
of  whidi  it  is  made  np,  are  closely  united  together  at  the  sternum  and 
▼ertdbrae :  but  in  the  middle,  and  towards  the  anterior  inferior  part, 
they  are  separated  by  the  pericardium  and  heart :  a  little  more  pos- 
teriorly they  are  parted  in  a  tubular  form  by  the  oesophagus,  to  which 
they  serve  as  a  covering :  and  in  the  most  posterior  part,  a  triangular 
space  is  left  between  them  and  the  vertebrae,  from  the  top  to  the  bottom, 
which  is  filled  chiefiy  by  the  aorta.  In  front  of  the  heart,  from  the 
pericardium  to  the  sternum,  the  two  laminae  adhere  very  closely,  and 
there  the  mediastinum  is  transparent,  except  for  a  small  space  at  the 
upper  part,  where  the  thymus  gland  is  situated :  so  that  in  this  place, 
there  is  naturally  no  interstice  or  particular  cavity.  Any  apparent 
separation  there  may  be,  is  owing  entirely  to  the  common  method  of 
raising  the  sternum :  as  was  plainly  demonstrated  by  Bartholin.  .  .  . 
I  shall  have  occasion  in  another  place  to  mention  Eustachius'  Tables, 
where  this  separation  is  erroneously  represented  as  a  natural  condition 
of  the  parts.  ...  In  the  year  1715  I  demonstrated  to  the  Royal 
Academy  of  Sciences,  that  the  mediastinum  inclines  from  above  down- 
ward towards  the  left  side :  and  that  if  the  middle  of  the  sternum  be 
penetrated  by  a  sharp  instrument  before  opening  the  chest,  there  will 
be  found  to  be  almost  the  breadth  of  a  finger  between  the  sternum  and 
the  mediastinum :  provided  the  sternum  be  kept  in  its  natural  situation, 
and  the  cartilages  of  the  ribs  be  cut  off  at  the  distance  of  an  inch  from 
it  on  each  side.  From  all  this  we  see,  not  only  that  the  thorax  is 
divided  into  two  cavities,  entirely  separated  from  each  other  by  a  middle 
septum ;  but  also  that  the  right  cavity  is  greater  than  the  left  on  account 
of  the  obliquity  of  the  septum.  .  .  .  The  cellular  portion  of  the  pleura 
connects  the  membranous  portion  to  the  sternum,  ribs,  and  muscles ; 
to  the  diaphragm,  pericardium,  thymus  gland,  and  vessels;  and  in 
fine  to  whatever  lies  near  the  convex  side  of  the  membranous  portion. 
It  likewise  insinuates  itself  between  the  laminae  of  the  duplicature  of 
which  the  mediastinum  is  formed,  and  unites  them  together.  It  even 
penetrates  the  muscles,  and  communicates  with  the  cellular  substance 
in  their  interstices,  all  the  way  to  the  external  adipose  membrane  on  the 
convex  side  of  the  thorax.  In  these  respects,  the  pleura  resembles  the 
peritonaeum.  The  surface  which  looks  towards  the  cavities  of  the 
breast,  is  continually  moistened  by  a  lymphatic  serosity,  which  oozes 
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insensibly  from  the  pores  of  the  membranous  portion.  .  .  .  The  arteries 
and  veins  of  the  pleura  are  chiefly  ramifications  of  the  intercostals : 
these  ramifications  are  exceedingly  numerous,  and  for  the  most  part 
very  small.  The  internal  mammary  and  phrenic  vessels  likewise  give 
some  branches,  which  communicate  very  freely  with  those  that  come 
from  the  intercostals.  The  mediastinum  has  its  own  particular  vessels, 
the  mediastinal  arteries  and  veins,  which  are  commonly  branches  of  the 
subclavian  vessels.  The  internal  mammary  vessels  supply  its  anterior 
branches,  the  phrenic,  its  inferior,  and  the  intercostal  and  oesophageal, 
its  posterior.  Its  nerves  come  from  the  costal  and  dorsal  or  true  inter* 
<x)stal  nerves.  Near  the  vertebrae  they  communicate  with  the  great 
sympathetic  nerves,  improperly  called  the  intercostal  nerves,  but  only 
sparingly  with  the  middle  sympathetic,  or  those  of  the  eighth  pair. 
(Exp.  Anat,  Tr.  de  la  Poitrine,  n.  25—34.)  The  portions  of  the 
pleura  which  adhere  immediately  to  the  ribs,  may  be  regarded  as  the 
periosteum  of  their  inner  sides.  The  connexion  of  the  pleura  with  the 
ribs,  keeps  it  stretched,  and  prevents  it  firom  slipping  or  sliding :  it  also 
renders  it  extremely  sensitive  to  the  least  separation  caused  by  coagu- 
lated lymph  or  accumulated  blood ;  the  nervous  filaments  in  this  case 
being  extraordinarily  compressed  in  inspiration  by  the  expansion  of  the 
intercostal  muscles.  (Ibid.,  n.  36.)  Uses: — ^The  pleura  serves,  in 
general,  as  an  inner  integument  to  the  cavity  of  the  thorax.  The  me- 
diastinum cuts  off  all  communication  between  the  two  cavities,  and 
keeps  one  lung  from  pressing  the  other  when  we  he  on  either  side.  It 
likewise  forms  receptacles  for  the  heart,  pericardium,  oesophagus,  &c. ; 
and  is  continued  over  the  lungs."  (Ibid.,  n.  35.) 
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THE    PERICARDIUM. 

416.  Heister.  ''The  pericardium  is  a  membranous  bag,  loosely 
surrounding  the  heart,  and  situated  in  the  middle  and  lower  part  of  the 
thorax,  between  the  two  lungs.  It  is  of  a  conoid  figure^  answering  to 
that  of  the  heart,  and  almost  triangular.  Its  size  is  accommodated  to 
the  purpose  it  is  intended  to  serve,— of  containing  the  heart.  It  is 
eonnected  with  the  mediastinum,  the  diaphragm,  and  the  great  or  com- 
mon vessels  of  the  heart ;  and  bj  these  connexions,  it,  together  with 
the  heart,  is  sustained  in  its  place.  In  most  animals,  however,  the 
pericardium  is  not  joined  to  the  diaphragm.  It  is  composed  of  two 
membranes,  the  external  of  which  it  has  in  common  with  the  medias- 
tinum and  the  pleura :  the  internal  membrane  is  proper  to  the  pericar- 
dium ;  and  is  lubricous,  and  continuous  with  the  coats  of  the  large 
vessels ;  and  when  held  up  to  the  light,  we  sometimes  see  in  it  a  great 
number  of  little  foramina  or  pores.  The  arteries  and  veins  of  the 
pericardium  are  derived  from  the  mediastinal  and  phrenic  vessels.  Its 
nerves  are  from  the  phrenic  nerves.  Its  lymphatics  run  to  the  thoracic 
duct.  .  .  .  The  liquor  pericardii  is  a  liquid  similar  to  the  washings  of 
meat,  and  which  is  found  in  the  pericardium,  generally  in  small  quan- 
tities ;  it  seems  to  be  of  use  for  lubricating  the  heart,  and  fadhtating 
the  free  and  continual  motion  required  of  that  organ.  This  needful 
liquid  is  collected  in  the  bag  of  the  pericardium,  in  order  that  there 
may  always  be  a  proper  supply  of  it.  Many  writers  maintain  that  it 
comes  from  certain  glands,  which,  they  will  have  it,  exist  either  in  the 
pericardium,  or  in  the  heart  itself;  but  as  these  glands  cannot  be  de- 
monstrated, I  am  rather  inclined  to  suppose  that  this  liquid  is  expressed 
from  the  heart  and  auricles  themselves,  during  their  systole :  which  is 
confirmed  by  an  observation  which  Bartholin  made  in  a  case  of  wound 
of  the  pericardium,  (Anat,  Reform.,  cap.  de  Pericardio,)  and  by  an 
experiment  of  Thebesius  (Dissert,  de  circ.  sang,  in  corde):  and  I  think 
it  more  probable  that  it  is  reabsorbed,  than  secreted,  by  the  pores  of  the 
pericardiiun ;  though  this  is  stoutly  denied  by  some  authors.  In  hectic 
cases,  I  have  sometimes  observed  an  adhesion  of  the  pericardium  to 
the  heart :  and  instances  are  recorded  in  which  the  pericardium  was 
wholly  wanting.''  (Comp.  Anat.,  n.  260.) 

417.  WiNSLOW.  ''The  heart  with  all  the  parts  belonging  to  it,  is 
enclosed  in  a  membranous  capsule  called  pericardium,  which  is  of  a 
somewhat  conical  figure,  and  much  larger  than  the  heart.  It  is  not 
fixed  to  the  base  of  the  heart,  but  above  the  auricles  round  the  great 
veins,  before  they  send  off  their  ramifications,  and  at  the  trunks  of  the 
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large  arteries,  before  they  make  their  divisions.  Hhe  pericardium  is 
made  up  of  three  laminae,  the  middle  and  principal  of  which  is  com- 
posed of  a  very  firm  tissue  of  tendinous  filaments  closely  interwoven 
and  crossing  in  di£feient  directions.  The  internal  lamina  seems  to  be  a 
continuation  of  the  outer  coat  of  the  heart,  auricles  and  great  vessels. 
The  trunks  of  the  aorta  and  pulmonary  artery  have  one  common  coat 
which  contains  them  both  as  in  a  sheath,  and  is  lined  on  the  inside  by 
a  cellular  tissue  that  is  chiefly  accumulated  in  the  spaces  where  the 
trunks,  and  the  sides  of  the  sheath,  come  into  mutual  apposition  and 
contiguity.  Only  a  small  portion  of  the  inferior  vena  cava  is  contained 
within  the  pericardium.  The  middle  lamina  is  what  particularly  forms 
the  bag  of  the  pericardium.  This  bag  is  not  simply  conical :  its  apex 
is  very  round,  and  its  base  has  a  particular  elongation,  like  a  Uttie  head, 
which  surrounds  the  great  vesseb  as  amply  as  the  other  portion  sur- 
rounds the  heart.  The  pericardium  is  dosely  connected  to  the  dia- 
phragm, not  at  the  apex,  but  exactiy  at  the  place  which  answers  to  the 
flat  or  lower  side  of  the  heart :  it  is  so  strongly  adherent  at  this  spot, 
that  it  is  very  difiicult  to  separate  it  by  dissection.  The  adhesion  ex- 
tends no  further  than  the  Umited  portion,  which  is  in  some  measure 
triangular,  answering  to  the  lower  side  of  the  heart.  The  rest  of  the 
bag  lies  upon  the  diaphragm  without  any  adhesion.  The  external  lamina, 
or  more  properly  speaking  the  common  covering,  is  formed  by  the 
duplicature  of  the  mediastinum.  It  is  connected  to  the  proper  bag  of 
the  pericardium  by  the  cellular  tissue  of  that  duplicature ;  but  leaves  it 
where  the  pericardium  adheres  to  the  diaphragm,  on  the  upper  surface 
of  which  it  is  spread,  forming  a  continuation  of  the  pleura.  The  in- 
ternal lamina  is  perforated  by  an  immense  number  of  imperceptible 
holes,  through  which  a  serous  humor  continually  transudes,  in  the 
same  manner  as  from  the  internal  surfiu»  of  the  peritonaeum.  This 
humor  gradually  collects  after  death,  forming  what  is  called  the  liquor 
pmcardii,  a  certain  quantity  of  which  is  generally  found  in  recent  sub- 
jects. Sometimes  it  is  of  a  reddish  color,  which  may  be  owing  to  a 
transudation  of  blood  through  the  fine  membrane  of  the  auricles.'' 
(Swp.  Anat.,  Tr.de  la  Poitrine,  n.  78—83.) 

418.  Malpighi.  ''The  pericardium  is  a  gland,  or  glandular  body, 
and  constantiy  secretes  a  peculiar  humor.  It  is  covered  internally  by  a 
thick,  smooth,  and  shining  membrane,  which  is  vary  different  fit>m  its 
external  coat.  Under  this  membrane  he  certain  fleshy  fibres,  running 
circularly,  or  firom  the  base  to  the  apex ;  and  also  certain  vess^  and 
nerves :  and  when  it  is  compressed,  an  almost  innumerable  quantity  of 
minute  drops  gush  from  particular  orifices  on  its  internal  surfitce.  I 
have  found  this  a  constant  phenomenon,  both  in  the  human  sulject,  in 
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birds,  oxen,  and  all  the  qnadrapeds  I  haye  had  an  opportonitj  of  ex- 
amining. The  excreted  humor,  particolarly  that  from  the  ox,  evapo- 
rates hj  gentle  heat,  leaving  onlj  a  verj  small  residuum.  .  .  .  The 
pericardium  when  compressed  will  often  yield  Uttle  drops  of  this  Uquid 
for  as  bug  a  time  as  two  days  after  death.  ...  I  will  now  mention  cer- 
tain singular  appearances  which  I  witnessed  in  a  past  mortem  examina- 
tion of  the  body  of  a  boy.  In  this  case,  the  pericardium  throughout 
was  about  half  an  inch  in  thickness,  excepting  at  the  base,  near  its 
connexion  with  the  heart,  where  it  was  full  an  inch  thick.  Exteriorly 
it  was  surrounded  by  a  thick  and  irregular  glandular  mass  which 
was  parted  into  lobules.  The  interstices  between  the  lobules  were 
filled  with  Utile  mucous  cakes  of  coagulated  humor,  which  in  some  parts 
was  of  a  yellowish  color ;  in  some  parts  a  fiuid  of  corresponding  color, 
was  confined  [in  the  interstices].  Some  few  of  the  round  glandular 
bodies  contained  a  cavity,  filled  with  the  matters  just  mentioned.  This 
glandular  mass  did  not  appear  to  be  at  all  natural  either  in  its  structure 
or  substance,  but  resembled  a  congeries  of  glands,  hypertrophied  by 
disease,  and  d^enerated  in  character.  Underneath  it  ran  certain  fleshy 
fibres  of  a  singular  whiteness,  and  which  commenced  from  the  base, 
and  wound  about  in  various  directions.  Blood-vessels  also  were  found 
ramifying  in  the  same  situation ;  and  next  to  them  came  the  internal 
coat,  suppUed  with  a  reticular  interlacement  of  very  thick  blood-vessels, 
which  were  most  abundant  on  the  internal  surface.  The  concave  side  of 
this  coat  or  membrane  had  a  kind  of  mucous  crust  or  pelhde  closely 
adherent  to  it,  very  similar  to  the  Utile  cakes  already  mentioned,  and 
of  a  pale  straw  color,  the  whole  surface  being  covered  by  it,  and  it 
could  not  be  removed  without  force.  When  this  mucous  substance 
was  held  over  the  fire  in  a  spoon,  instead  of  Uquefying,  it  thickened 
into  something  Uke  coagulated  serum.  And  after  its  removal,  when 
the  internal  membrane  of  the  pericardium  was  denuded  and  compressed, 
as  usual  a  humor  came  out  in  drops  firom  an  almost  innumerable  quan- 
tity of  orifices  pkced  in  parallel  rows.  The  cavity  of  the  pericardium 
was  completely  destitute  of  fluid,  and  only  contained  the  heart,  which 
was  altogether  covered  with  an  external  coat,  very  similar  to  the  mucous 
crust  noticed  above,  and  which  adhered  so  firmly,  that  when  pulled  ofi^, 
the  deUcate  membrane  of  the  heart  was  lacerated,  and  a  bloody  serum 
issued  firom  it  when  sli^ily  scraped.  The  whole  mass  of  the  heart 
was  found  to  be  wasted  and  degenerated. 

'*  We  may  infer  from  this  singular  case,  that  the  secretion  of  the 
humor  found  in  the  pericardium  was  carried  on  by  the  surrounding 
glands.  .  .  .  The  pericardium,  then,  is  designed  for  the  secretion  of  a 
particular  serum ;  which  serum  is  always  observed  in  both  living  and 
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dead  subjects.  It  is  generally  pellacid,  though  sometimes  it  has  a 
reddish  tinge,  particularly  in  animals,  and  sometimes  it  consbts  of  a 
turbid  gray-colored  fluid,  vnth  a  salt  taste.  Four  ounces  of  it  exposed 
upon  the  fire  in  a  pan,  evaporated  in  less  than  half  an  hour,  without 
any  remarkable  or  violent  ebullition,  leaving  a  fine  reddish  residuum, 
which  had  a  smell  like  boiled  meat.  In  more  than  one  instance  I  found 
it  abnormally  increased  in  quantity,  and  in  one  subject,  (Laurentius 
Zagonius,)  I  remember  observing  above  four  pounds  of  it,  of  a  yel- 
lowish color,  and  eight  pounds  of  a  similar  humor  in  the  abdomen :  the 
viscera  and  vessels  in  this  case  were  clogged  with  black  and  grumous 
blood,  like  what  we  always  find  in  brutes  after  aquafortis  is  injected  into 
the  veins.  In  other  morbid  states,  this  humor  is  altogether  wanting. 
I  observed  this  in  another  subject,  (Joan.  Andreas  Landinus,)  in  which 
the  pericardium  was  perfectly  empty  of  fluid,  and  so  firmly  glued  to 
the  heart,  that  when  torn  off,  it  brought  away  with  it  a  piece  of  the 
substance  of  the  heart.  In  this  instance  all  the  viscera  were  studded 
with  miliary  glands,  full  of  tartar.  ...  I  take  this  opportunity  of 
stating,  that  when  the  above  humor  is  in  a  morbid  condition,  the 
rhythm  of  the  heart's  motion  is  destroyed ;  and  lately,  in  examining 
the  body  of  a  patient,  who  had  had  vibration  and  tension  of  pulse,  and 
a  sensation  of  distress  at  the  heart,  two  pounds  of  turbid  fluid  were 
found  in  the  pericardium ;  the  right  ventricle  was  large  enough  to  con- 
tain the  whole  of  the  other  side  of  the  heart ;  the  aorta  was  three 
finger-breadths  across,  had  squamous  pieces  of  bone  growing  on  its 
internal  surface,  and  was  itself  very  much  solidified.''  (Opera  Pott" 
humU'-De  Structurd  Olandularum  Canfflobatantm,  &c.,  p.  146 — 148. 
Amstelod.,  1598.) 

419.  Lancisi.  ''The  middle  coat  of  the  pericardium  is  thick  and 
muscular.  (Be  Motu  Cordis  et  Aneurywiatibus,  lib.  i.,  sec.  i.,  cap.  iii.,. 
prop.  V.)  The  fibres  of  the  pericardium  are  inwoven  with  the  inferior 
vena  cava,  at  the  place  where  it  perforates  the  diaphragm  ;  ...  so  that 
the  two  together  form  a  circular  muscle  in  that  situation.  .  .  .  The  ex- 
ternal coat  of  the  pericardium  is  continuous  with  the  outermost  coat  of 
the  lungs  and  of  the  mediastinum :  the  middle  or  muscular  coat  goes 
off  into  sheaths  for  the  pulmonary  vessels :  the  internal  coat,  which 
has  all  the  appearance  of  being  nervous  and  tendinous,  is  reversed,  and 
doubled  back  towards  the  heart,  so  as  to  invest  those  portions  of  the 
great  vessels  that  are  contained  within  the  pericardium ;  and  it  is  also 
spread  and  extended,  so  as  to  cover  the  coronary  arteries,  and  the 
whole  surface  of  the  heart.  (Ibid,,  prop,  vi.)  The  pericardium  forms 
a  particular  capsule  that  covers  and  ties  down  the  divisions  of  the  three 
pulmonary  vesseb,  .  .  .  and  is  continued  all  the  way  to  the  external 
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surface  of  the  lungs.  (Ibid.,  enundatio  prop,  vii.)  On  the  anterior 
surface,  the  pericardium  will  be  found  to  be  attached  to  the  two  great 
arteries,  and  to  ascend  upon  the  last  s^ment  of  the  trachea,  so  as  to 
cover  at  the  same  time  the  bronchial  tubes  :  on  the  posterior  surface  it 
will  be  observed  to  be  spread  under  the  arch  caused  by  the  divarication 
of  the  bronchia,  and  to  be  firmly  connected  to  them,  and  to  the  heads 
of  the  great  veins.  And  if  we  dissect  out  the  surface  of  the  pericar- 
dium in  the  direction  of  the  lungs,  .  .  .  and  remove  a  portion  of  the 
vesicular  substance  of  the  latter,  it  will  be  seen  that  all  the  pulmonary 
vessels,  both  aeriferous  and  sanguineous,  are  beautifully  environed  with 
the  pericardium.  (Ibid,,  prop,  vii.)  In  all  the  subjects  which  I  have 
examined  for  the  purpose,  [both  healthy  and  the  reverse,]  I  have  found 
a  number  of  glands  upon  the  pericardium,  ...  the  chief  part  of  which 
are  formed  to  secrete  a  lymph,  and  to  supply  it,  by  particular  ducts, 
to  the  pericardium.  (Ibid,,  cap.  v.,  prop,  xvii.)  These  glands  are  im- 
bedded in  fat."  (Ibid.,  prop,  xviii.)  Our  Author  describes  also  the 
situation,  number,  magnitude,  &c.,  of  these  glands.  (Ibid.,  prop, 
xviii.  xix.) 
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430.  If  we  pursue  the  pleura  by  sight  through  its  circum- 
flexions^  in  truth  we  are  carried  about  through  labyrinthine 
windings  and  absolute  mazes^  and  only  rest  at  last  either  in  the 
innermost  parts  of  the  lungs  or  in  the  innermost  parts  of  the 
heart.*  Take  any  point  of  the  membrane  that  you  please,  and 
trace  the  outline  that  it  makes,  and  the  circle  that  it  describes : 
in  the  first  instance  you  will  be  conducted  fix>m  the  concave 
circumference  of  the  thorax  to  the  mediastinum,  where  the 
pleura  forms  a  knot,  and  whence  it  returns  into  its  gyre  (a) : 

(a)  It  is  eiddent  from  the  anatomical  experience  prefixed  to  this 
Chapter,  that  the  pleurae,  coming  by  circumyolution  on  both  sides  from 
the  vertebrae,  coalesce  into  a  broad  duplicature  behind  the  sternum  or 
pectoral  shield,  and  then  pass  backwards  and  forwards  transversely  be- 
tween the  lungs,  dividing  the  cavity  of  the  thorax  into  two  chambers. 
This  duplicature  or  coalition  is  termed  mediastinum,  and  in  reality  is 
nothing  more  than  the  pleura,  but  which  here  constitutes  a  particular 
septum  between  the  two  great  lobes  of  the  lungs.  But  in  order  that 
the  reader  may  not  be  misled  by  the  circles  which  we  are  now  drawing, 
it  will  be  better  to  repeat  the  description  of  the  mediastinum  given  by 
our  Authors.  ''The  mediastinum,''  says  Heister,  ''is  a  double  mem- 
brane, continuous  with  the  pleura,  situated  under,  and  firmly  connected 
to,  the  sternum,  and  the  cartilages  of  the  ribs  on  the  left  side,  and 
dividing  the  cavity  of  the  thorax  lon^tudinally  into  two  unequal  parts"  . 
(n.  412).    And  l^^slow  says,  "Each  side  of  the  thorax  has  its  par- 

*  It  is  obiioas  that  Swedenborg  mdades  under  the  tenns  pleura,  peritoneum, 
&c.,  not  only  the  smooth  rar&ce  and  snlqaoent  cellular  layer  usually  admitted  to 
constitute  those  membranes,  but  also  the  whole  of  the  oeDular  tissue  continued  from 
that  layer  into  the  interiors  of  the  viscera,  the  muscles,  &c. — (TVO 


Digitized  by  VjOOQ IC 


THE   PLEURA^    MEDIASTINUM^    AND    PERICARDIUM.  228 

then  you  will  find  that  it  turns  off^  with  an  ascending  more- 
ment^  to  the  concavities  and  axes  of  the  lungs^  and  effusing 
itself  round  the  surfiaces  of  their  lobes^  passes  up  and  down  upon 
those  surfaces^  and  constructs  them  {b) :  in  the  next  place,  that 
it  penetrates  to  the  intimate  recesses  of  the  lungs,  by  a  con- 
tinual series  of  trabecular  cellular  bands,  perchance  by  unno- 
ticed forms  running  in  an  ererlasting  circle  (c).    Yet  it  does 

ticnlar  pleura.  The  two  plenne  are  entirely  distinct  from  each  other ; 
and  resemble  two  large  bladders,  put  together  side  by  side  in  the  cavity 
of  the  chesty  in  such  a  manner,  as  by  their  apposition  between  the  ver- 
tebree  and  sternum,  to  form  a  duplicature  or  septum.  •  .  •  This  dupli- 
cature  of  the  pleurae  is  termed  the  mediastinum"  (n.  415). 

(b)  I  believe  it  is  well  agreed,  that  the  pleura  is  continued  over  the 
external  surface  of  the  lungs.  ''It  [the  mediastinal  portion  of  the 
pleura],"  says  Winslow,  ''.  .  .  is  continued  over  the  lungs"  (n.  415). 
The  particular  channel  by  which  this  oontmuity  is  effected,  will  be  ex- 
plained presently.  The  pleura,  therefore,  performs  its  second  circuit 
around  the  lungs,  the  first  being  around  the  cavity  of  the  thorax ;  so 
that  whereas  in  the  former  instance  it  constitutes  a  concave  surface,  in 
the  latter  it  constitutes  a  convex  surfiice.  Now  this  can  only  be,  by  a 
continuation  of  the  sphere  or  circle  in  a  kind  of  spire, — by  a  circum- 
flexion  of  a  spiral  kind,  of  such  a  character,  that  the  exterior  circle 
produces  the  interior  circle  by  continuity*  From  this  surface,  taking 
the  way  to  the  pericardium,  the  pleura  effects  a  return  to  the  exterior 
surface ;  for  the  outer  coat  of  the  pericardium  is  continuous  not  only 
with  the  medastinum  but  also  with  the  surface  of  the  lungs.  After- 
wards it  leaves  the  pericardium  in  the  diaphragm,  and  unites  with  the 
pleura ;  and  thus  runs  a  second  time  through  the  same  gyre. 

(c)  Respecting  the  production  and  continuation  of  the  cellular 
tissue  from  the  surface  of  the  lungs  all  the  way  to  the  aeriferous  vesi- 
cles, see  the  Chapter  on  the  Lungs,  and  the  subsequent  portion  of  the 
present  Chapter.  The  statement  that  this  continuation  towards  the 
interiors  takes  place  by  a  particular  form  analogous  to  a  kind  of  perpetual 
circle,  is  only  assumed  conjecturally ;  for  we  have  hitherto  had  no  op- 
portunity of  investigating  the  fluxion  wherewith  these  cellular  interstices 
ascend  firom  the  centres  to  the  circumference,  and  descend  from  the 
circumference  to  the  centres.  Meanwhile  it  cannot  be  doubted,  that 
all  things  have  their  fluxion  according  to  the  most  regular  laws.  But 
we  leave  the  point  for  fixture  investigation.  ''The  pellicles,"  says 
Winslow,  "  which  compose  it  [the  cellular  substance]  are  .  .  .  disposed 
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not  tarry  even  here,  but  instantly  goes  out  around  the  pulmo- 
nary arteries  and  veins  in  the  form  of  a  continuous  capsule, 
along  the  vascular  and  tracheal  causeways  {d),  where  meeting 
itself,  it  enters  a  new  field,  and  runs  forth  around  the  second 
or  lesser  pleura,  which  embraces,  demarcates,  limits,  and  con- 
nects, the  heart  and  its  auricles  and  vessels,  and  is  termed  the 
pericardium  (e).  After  this,  it  runs  out  by  three  ways ;  by  the 
first,  in  conjunction  with  the  mediastinum,  it  returns  to  the 
very  starting-places  from  which  its  race  began,  that  is  to  say, 
to  the  general  thoracic  pleura :  by  the  second,  it  runs  to  the 
ultimate  goals  of  the  thorax,  in  the  diaphragm,  in  order  to 
bend  its  course  therefrom  to  the  peritonseum,  and  to  the 
circus  of  the  inferior  region  :  by  the  third  and  innermost, 
it  passes  into  the  very  parenchyma  of  the  heart,  where  it  does 
not  make  an  end,    until  it  reaches    the  hearths    innermost 

there  [around  the  vessels]  in  a  more  regular  maimer,  and  more  longi- 
tudinally than  in  other  places"  (n.  387). 

(d)  Lancisi  was  the  first  who  discovered,  that  a  particular  capsule 
continued  irom  the  pericardium,  invests  all  the  vessels  of  the  lungs,  as 
well  the  air-vessels  or  bronchia  as  the  blood-vessels,  and  also  the  nerves, 
and  does  not  terminate  until  it  arrives  in  the  intimate  recesses  of  the 
lungs.  This  capsule  is  described  by  the  above-mentioned  Author  in 
his  [posthumous]  Work,  Be  Motu  Cordis  et  Aneurysmatihua,  from 
which  we  have  given  certain  extracts  bearing  upon  the  subject  (n.  419); 
it  is  also  mentioned  by  Heister  (n.  385)  ;  and  Winslow  intimates  that  it 
is  identical  with  the  cellular  substance  (n.  387).  Now  inasmuch  as 
this  tissue  goes  to  the  very  surface  of  the  lungs,  and  adheres  thereto, 
it  follows,  that  it  not  only  passes  towards  the  innermost  parts,  by  the 
cells,  exactly  as  by  cross-beams  and  little  bridges,  but  that  it  also  passes 
firom  the  innermost  parts,  by  the  same  membranous  cells,  along  the 
arteries  and  veins,  to  the  pericardium.  But  this  circle,  thus  running 
from  the  pleura  and  the  surface  of  the  lungs  to  the  innermost  parts, 
from  these  again  to  the  pericardium,  and  from  this  to  the  pleura,  is  in 
fact  a  transcendent  circle,  since  it  proceeds  from  the  outermost  to  the 
innermost,  that  is,  firom  the  last  things  to  the  first,  and  afterwards 
firom  the  first  to  the  last. 

{e)  On  this  subject,  see  the  last  paragraphs  of  the  present  Chapter, 
where  we  treat  of  the  Pericardium,  and  the  next  Chapter,  where  we 
treat  of  the  Thymus  Gland. 
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substances  (/), — ^those  substances  from  which  every  end  in  the 
body  takes  its  beginning.  Such  then  are  the  labyrinthine 
meanders  and  reflexions  of  the  pleura,  gyre  within  gyre.    The 

(/)  The  pericardium  is  a  contexture  and  convolution  of  three 
distinct  laminae  or  membranes, — an  external,  a  middle,  and  an  internal. 
The  external  membrane  is  derived  from  the  mediastinum,  and  from  the 
surface  of  the  lungs.  **  The  pericardium,"  says  Landsi,  "...  covers 
and  ties  down  the  divisions  of  the  three  pulmonary  vessels,  .  .  .  and  b 
continued  all  the  way  to  the  external  surface  of  the  lungs"  (n.  419). 
The  same  membrane  is  continuous  with  the  mediastinum,  and  leaves 
the  pericardium  where  it  is  in  contact  with  the  diaphragm,  uniting  with 
the  common  pleura  of  the  thoracic  cavity ;  according  to  the  following 
from  Winslow  ;  *'  The  external  lamina  [of  the  pericardium],"  says  he, 
"  or  more  properly  speaking  the  common  covering,  is  formed  by  the 
duplicature  of  the  mediastinum.  It  is  connected  to  the  proper  bag  of 
the  pericardium  by  the  cellular  tissue  of  that  duplicature  ;  but  leaves  it 
where  the  pericardium  adheres  to  the  diaphragm,  on  the  upper  surface 
of  which  it  is  spread,  forming  a  continuation  of  the  pleura"  (n.  417). 
The  middle  lamina  of  the  pericardium,  (which,  according  to  Landsi, 
"goes  off  into  sheaths  for  the  pulmonary  vessels"  (n.  419),  and  pro- 
perly is  a  continuation  of  the  cellular  substance,)  adheres  to  the  dia- 
phragm, and  bends  its  course  to  the  peritonaeum.  Thus  Winslow  says, 
"  The  pericardium  is  closely  connected  to  the  diaphragm  :  ...  it  is  so 
strongly  adherent,  .  .  .  that  it  is  very  difficult  to  separate  it  by  dissec- 
tion" (n.  417).  The  internal  lamina  is  reflected  towards  the  surface  of 
the  heart.  On  this  subject  again,  Winslow  says,  *'  The  internal  lamina 
seems  to  be  a  continuation  of  the  outer  coat  of  the  heart,  auricles,  &c." 
(n.  417).  And  Lancisi  remarks,  *'That  the  internal  coat ...  is  re- 
versed, and  doubled  back  towards  the  heart,  so  as  to  invest  those  por- 
tions of  the  great  vessels  that  are  contained  within  the  pericardium ; 
and  it  is  also  spread  and  extended,  so  as  to  cover  the  coronary  arteries, 
and  the  whole  surface  of  the  heart"  (n.  419).  The  same  author  shews 
in  another  passage, '  that  the  internal  coat  divides  and  ramifies  all  the 
way  to  the  innermost  parts  of  the  heart,  which  circumstance  we  shall 
have  occasion  to  notice  further  in  the  Part  on  the  Heart.  Seeing  then 
that  we  cannot  trace  the  pleura  through  its  entire  course  without  ar- 
riving at  the  mediastinum,  nor  the  mediastinum  without  arriving  at  the 
pericardium,  I  have  deemed  it  expedient  to  treat  of  all  these  three 
parts  together :  otherwise  the  reader's  vision  would  in  all  probability  be 
abruptly  terminated  at  the  very  threshold  or  first  division  of  the  sub- 
ject, and  he  would  have  no  opportunity  of  resuming  and  extending  it 
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entrance  to  the  maze  is  easy;  but  except  we  keep  finn  hold  of 
the  thread  of  experience^  and  unwind  and  wind  it^  we  shall 
never  escape  again^  unless  in  the  manner  of  Daedalus  and  his 
son  we  fly  out  through  the  air,  that  is,  through  empty  con- 
jectures. 

421.  I.  The  pleura  is  the  common  and  proper  integument, 
Umit,  and  bond,  of  the  cavity  of  the  thorax;  it  separates  the 
outer  wall  and  breast-work,  osseous  and  muscular,  from  the 
chamber  within,  and  the  viscera  inhabiting  it,  namely,  the 
heart  and  lungs ;  and  by  means  of  the  mediastinum  it  divides 
this  chamber  into  two  halls  or  galleries.  It  then  passes  by  the 
nearest  ways  to  both  the  lungs,  and  mounting  them,  climbs  to 
their  circumference,  describing  and  constructing  it.  From  the 
circumference,  as  from  an  area  intersected  by  innumerable 
paths,  it  passes  to  the  vesicles,  vascular  networks,  and  interlo- 
bular cells ;  in  fine,  deep  into  the  very  centres  of  the  lungs. 
Thus  the  pleura,  as  a  uniting  medium,  binds  and  connects  the 
outermost  constituents  of  the  thorax  to  the  innermost;  and 
forms  passages  of  such  iminterrupted  continuity  between  the 
two,  that  the  external  forces  and  actions,  namely,  of  the  mus- 
cles of  the  thorax,  flow  in  all  the  way  to  the  intimate  and  mul- 
tiple lungs,  that  is,  to  the  vesicles ;  and  excite  their  forces  into 
respiratory  actions :  and  this,  with  so  much  harmony  and  cor- 
respondence, that  not  the  least  particular  can  be  involved  in 
any  action  designed  in  the  thorax,  without  the  vesicular  lung 
being  made  conscious  of  it,  and  exercising  exactly  analogous 
pneumonic  actions  {ff).    Th<e  following  experimental  facts  indi- 

until  the  next  Chapter.  Thus,  in  order  to  present  the  subject  in  its 
fiilness,  I  have  determined  to  bring  all  these  pleurae  under  one  view. 

(ff)  These  particulars  are  proved  by  the  statements  immediately 
following  them.  We  need  here  only  intimate,  that  motion  and  con- 
nexion of  parts  are  exact  eorreliatives ;  for  substances,  and  their  oi^nic 
connexions,  are  constructed  and  formed  for  no  other  end  than  for  the 
fluxions  and  determinations  of  active  £oroes.  The  determination  of 
substances  involves  a  corresponding  determination  of  accidents  and 
motions,  which  run  along  substances  as  their  appointed  Uttle  bridges, 
and  this  exactly  according  to  the  forms  laid  down ;  as  we  may  clearly 
obserre  to  be  the  case  in  the  organs  of  the  external  and  internal  senses : 
hence  when  these  forms  are  injured  or  disturbed,  actions  and  eflects 
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cate  and  declare  that  these  thoracic  actions  flow  in  hy  the  way 
of  the  pleura  to  the  lungs^  although  the  converse  is  not  the 
case^  that  the  pulmonic  actions  flow  out  by  this  way  to  the 
thorax  (A) :  namely,  1.  The  pleura  adheres  closely  to  the  ribs 
and  sternum,  in  the  manner  of  a  periosteum ;  likewise  to  the 
intracostal  muscles,  and  to  the  triangulares  stemi  {%) ;  and  it  is 

result  corresponding  to  the  lesion.  This  is  the  reason  why  I  undertake 
the  task  of  investigating  the  organic  forms  of  the  body^  anatomically^ 
physically^  and  philosophically. 

(A)  The  thorax  exerts  an  action  upon  the  longs^  and  not  the  lungs 
upon  the  thorax,  but  upon  the  bronchia,  the  trachea,  and  the  air,  as  I 
shall  shew  in  the  Epilogue  to  this  Part.  I  will  here  confine  myself  to 
stating,  that  after  the  lungs  are  opened,  all  action  is  inverted,  that  is, 
proceeds  from  without  to  within.  But  so  long  as  we  lived  xmder  the 
auspices  of  nature,  in  the  mother's  womb,  the  action  was  determined 
from  within  to  without.  Hence  at  this  time  nature,  by  [her]  determi- 
nations, laid  down  these  paths,  and  so  prepared  the  organic  forms,  that 
when  the  hinge  was  turned,  it  would  be  easy  to  determine  the  axes  of 
these  wheels  even  into  inverse  motions. 

(t)  The  cavity  of  the  thorax  is  opened  by  means  of  the  muscles  and 
ribs.  See  the  Chapter  on  the  Lungs.  Thus  if  the  pleura  is  so  closely 
connected  to  these  parts  that  it  undergoes  a  change  corresponding  to 
every  the  least  elevation  of  the  ribs,  it  will  follow,  that  by  means  of  the 
pleura  as  a  common  bond,  a  similar  action  must  be  communicated  to 
the  lungs;  as  we  fully  proved  to  be  the  case  in  the  last  Chapter. 
Winslow  shews  that  its  connexion  with  the  ribs  and  sternum  is  of  this 
character.  "The  pleura,"  says  he,  "is  a  membrane  which  adheres 
very  closely  to  the  internal  surface  of  the  ribs,  sternum,  intercostal, 
sub-eostal,  and  stemo-costal  muscles,  and  to  the  convex  side  of  the 
diaphragm.  .  .  .  The  cellular  portion  of  the  pleura  connects  the  mem- 
branous portion  to  the  sternum,  &c.  .  .  .  and  in  fine  to  whatever  lies 
near  the  convex  side  of  the  membranous  portion.  .  .  .  The  portions  of 
the  pleura  which  adhere  immediately  to  the  ribs,  may  be  regarded  as 
the  periosteum  of  their  inner  sides.  The  connexion  of  the  pleura  with 
the  ribs,  keeps  it  stretched,  and  prevents  it  from  sfipping  or  sliding : 
it  also  renders  k  extremely  sensitive  to  the  least  separation  caused  by 
coagolated  tymph  or  accumulated  blood ;  the  nervous  filaments  in  this 
case  being  extraordinarily  compressed  in  inspiration,  by  the  expansion 
of  the  intercostal  muscles"  (n.  415).  The  description  of  the  medias- 
tinum clearly  shews  the  manner  in  which  the  pleura  adheres  to  the 
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united  to  the  dorsal  nerves  themselves  and  intercostal  vessels^  as 
they  are  about  to  enter  the  moving  fibres  of  the  muscles  (*). 
2.  The  pleura  is  spread  upon  the  plane  of  the  diaphragm ;  and 
connected  to  the  concave  part  of  the  lungs  by  the  dorsal  liga^ 
ment  (1) ;  and  to  the  last  ring  of  the  trachea,  and  to  the  bron- 
chia, where  it  forms  the  mediastinum  (m) ;  and  it  is  expanded 

stemum.  Thus  every  change  arising  from  motion,  runs  through  the 
rounds  and  circles  of  the  pleura  all  the  way  to  the  mediastinum,  and  is 
concentrated  in  the  two  laminse  thereof. 

(k)  The  costal  arteries,  veins,  and  nerves  run  along  the  ribs  in  a 
groove  extending  from  the  vertebrae  nearly  to  the  stemum,  that  is, 
nearly  to  the  extremities  of  the  ribs,  and  in  this  course  are  tightly 
bound  down  by  the  pleura.  Hence  when  any  motion  of  elevation  or 
depression  occurs,  the  action  descends  into  all  points  of  the  nerves ;  as 
shewn  by  the  last  observation  cited  from  Winslow  (t).  Respecting  the 
manner  in  which  the  nerves  run  along  the  ribs,  see  Vieussens,  Neurogr. 
Univ.,  Ub.  iii.,  cap.  vii.,  and  tab.  xxvii.  ^'  The  vena  azygos  and  its 
branches,"  says  Verheyen,  "  and  the  intercostal  arteries  and  nerves, 
he  in  a  duplicature  of  the  pleura."  (Corp.  Hum.  Anat.,  tract,  iii., 
cap.  V.)  Now  since  the  pleural  membrane  covers  the  nerves  and 
vessels  that  enter  the  respiratory,  or  infra-costal,  intra-costal,  and 
supra-costal  muscles,  and  give  them  their  power  of  acting ;  and  since 
the  pleura  at  the  same  time  acts  upon  the  muscles,  and  the  muscles  act 
back  upon  the  pleura, — ^it  follows  that  there  is  a  reciprocal  action  and 
reaction,  consequently  a  perpetual  correspondence  of  action :  so  that 
every  particular  involved  in  each  action  must  be  communicated  to  the 
pleura.     We  now  proceed  to  the  action  of  the  pleura  upon  the  lungs. 

(/)  Respecting  this  ligament,  see  Winslow,  n.  387 ;  and  respecting 
its  influx  into,  and  its  influence  upon,  the  lungs,  see  the  last  Chapter, 
pa9sim. 

(m)  We  all  know  that  the  trachea  descends  into  the  thorax  between 
the  two  pleuree,  that  is  to  say,  through  the  mediastinum ;  likewise  that 
the  pleura,  beside  the  bifurcation  of  the  trachea  into  the  bronchia,  is 
identified  with  the  mediastinum,  near  the  great  pulmonary  vessels  of 
the  heart,  and  not  only  spreads  forth  from  this  spot  over  the  surface, 
but  also  borrowing  a  new  tunic  from  the  pericardium,  enters  the  lungs 
in  the  form  of  a  capsule.  '*  On  the  anterior  surface,"  says  Lancisi, 
"  the  pericardium  will  be  found  to  be  attached  to  the  two  great  arteries, 
and  to  ascend  upon  the  last  s^ment  of  the  trachea,  so  as  to  cover  at 
the  same  time  the  bronchial  tubes :  on  the  posterior  surface  it  will  be 
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therefrom  over  the  universal  surface  of  the  lungs.  3.  This 
surface  is  continuous,  by  means  of  the  cellular  tissue,  with  the 
aeriferous  or  spiratory  vesicles  (n),    which  the  pleura  again 

observed  to  be  spread  under  the  arch  caused  by  the  divarication  of  the 
bronchia,  and  to  be  firmly  connected  to  them,  and  to  the  heads  of  the 
great  veins"  (n.  419).  Let  us  now  see  how  every  action  of  the  pleura 
pours  forth  into  the  lungs,  and  is  ultimately  concentrated  in  their  inner- 
most parts,  about  the  vesicles.  The  ligaments  mentioned  in  the  text, 
run  exactly  from  the  boundaries  where  the  two  pleurae  coalesce,  that  is 
to  say,  from  the  neighborhood  of  the  vertebrae,  and  from  the  mediasti- 
num ;  so  that  the  action  imprinted  upon  the  pleura  by  the  ribs  and 
muscles,  converges  on  both  sides  to  those  boundaries.  Furthermore, 
they  pass  exactly  into  that  which  is  the  polar  and  by  continuity  the 
axillary  part  of  the  lungs  ;  namely,  into  their  concave  surface,  where 
the  bronchia  and  pulmonary  vessels  enter  them  :  so  that  the  action  is 
thrown  from  the  external  circumference  to  the  very  axis,  from  which 
there  is  an  uninterrupted  path  to  every  vesicle.  From  these  boundaries, 
the  same  sort  of  action  flows  also  over  the  whole  surface  of  the  lungs, 
at  the  same  time  that  it  flows,  as  we  have  just  shewn,  into  their  inti- 
mate substance.  The  forces  which  spread  themselves  from  the  same 
points  around  the  surface,  and  go  inwards  along  the  axis,  cannot  fail  to 
be  increased  in  their  course,  and  to  be  indefinitely  multiplied,  and  at 
length  to  meet  in  all  the  centres.  From  these  in  an  instant  proceeds 
the  effect  which  constitutes  respiration,  and  which  is  precisely  com- 
pliant with  the  action  of  the  thorax ;  as  was  laid  down  in  the  Chapter 
on  the  Lungs.  I  shall  not  now  dweU  upon  the  immediate  action  of  the 
diaphragm  upon  this  concave  part  of  the  lungs,  further  than  to  say 
that  it  is  a  general  action,  exactly  corresponding  to  the  collected  parti- 
cular actions.  In  addition  to  this,  the  pleura  acts  in  some  measure, 
by  means  of  the  diaphragm  particularly,  upon  the  nerves  that  it  covers, 
I  mean,  upon  the  great  sympathetic  or  intercostal  nerves,  and  upon 
the  par  vagum,  the  fibres  of  which  constitute  the  pulmonary  plexus  ; 
likewise  upon  the  plexus  at  the  threshold  or  entrance  to  the  bronchia. 
Thus  there  is  not  a  single  nervous  filament,  not  a  single  vascular  twig, 
and  not  a  single  membranous  thread,  that  the  action  of  the  pleura  does 
not  invade  in  a  multipUcity  of  ways ;  thereby  exciting  the  intimate 
spirit  of  the  nerves  and  the  blood  of  the  vessels  to  compliance  with  the 
motion  of  the  thorax. 

(n)  We  observed  in  the  Chapter  on  the  Lungs,  that  air  blown  into 
the  interstices  or  cellular  tissue,  passes  rapidly  to  the  surface  of  the 
lungs,  inflating  it,  and  causing  it  to  sweU,  before  the  other  parts,  so 
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reaches  by  an  opposite  course^  following  the  fluxion  of  the  bron- 
chia, and  of  the  blood-vessels  and  nerves ;  so  that  while  it  is 
going  upwards,  it  sees  itself  coming  downwards  (o),  and  thus 
festens  these  very  centres,  the  vesicles,  in  a  tight  and  complex 
knot,  and  brings  forth  in  effect  therein,  whatever  the  cause  in 
the  outermost  commands,  with  any  even  the  smallest  intimation 
or  action. 

422.  n.  The  pleura,  carried  round  in  spiral  and  natural 
arches,  not  merely  transfers  and  infuses  the  actions  of  the  mus- 
cular chest  into  all  points  of  the  lungs,  but  it  also  produces  and 
effuses  the  sphere  and  essential  forces  of  this  activity  into  the 
peritonseum,  and  by  the  assistance  of  that  membrane,  into  the 
secluded  viscera  of  the  cavern  of  the  abdomen ;  and  not  alone 
into  their  external  or  limitaneous  coverings,  but  also,  as  in  the 
case  of  the  lungs,  into  their  most  secret  follicles  and  depths  {p). 

that  the  surface  appears  studded  all  over  with  air  vesicles :  also  that  the 
lymphatics  of  the  lungs  imbibe  their  lymph  at  the  surface  from  the 
juice  arriving  thither :  in  a  word,  that  the  cellular  tissue  reaches  unin- 
terraptedly  from  the  surface  to  the  vesides,  and  vice  verw;  just  as  we 
found  to  be  the  case  in  the  Uver,  the  spleen,  the  kidneys,  and  the  other 
viscera  of  the  abdomen.  The  effect  of  which  we  are  speaking  is  the 
result  of  this  uninterrupted  continuity.  *'  It  [the  cellular  tissue]  is 
dispersed"  says  Winslow,  "  through  every  part  of  the  lungs,  and  forms 
cellular  or  spongy  sheaths  which  surround  the  ramifications  of  the 
bronchia  and  blood-vessels,  and  is  afterwards  spread  over  the  outer 
surface  of  each  lung,  where  it  forms  a  kind  of  fine  cellular  coat,  joined 
to  the  general  covering  of  that  viscus'*  (n.  387). 

(o)  This  will  be  found  to  result  as  a  consequence  from  the  particu- 
lars laid  down  above,  if  duly  weighed  and  examined.  For  the  pleura, 
as  observed  before,  ascends  around  the  bronchia  and  pulmonary  arteries 
and  veins,  to  the  surfieice  of  the  lungs ;  and  enters  them  also  at  the 
same  place  by  its  companion,  the  pericardium.  All  communication 
between  the  surface  and  the  intimate  substances  of  the  lungs,  is  ulti- 
mately determined  towards  the  pericardium,  where  it  [the  pleura]  may 
be  said  to  go  out,  and  continue  its  course  towards  the  heart.  Thus,  as 
it  goes  upwards,  it  sees  itself  coming  downwards.  These  considerations 
may  enable  us  to  understand  the  communication  of  the  lungs  with  the 
pericardium,  although  not  the  influx  of  motion. 

(p)  We  treated  of  the  ^tension  of  the  respiratory  action  by  means 
of  the  diaphragm  and  peritonseum,  in  our  analyses  of  the  several  vis- 


Digitized  by  VjOOQ  IC 


THE    PLEURA^    MEDIASTINUM^    AND    PERICARDIUM.  281 

Bat  the  pleura  flows  and  penetrates  with  the  active  breath  of 
the  lungs  into  the  intimate  constituents  of  those  viscera^  not 
only  by  the  way  of  the  peritonseum^  which  is  an  external  way, 
but  also  by  the  way  of  the  nerves,  arteries,  and  veins,  which  is 
an  internal  way, — ^the  way  of  the  brain  and  heart  themselves. 
Thus  the  external  respiratory  forces  of  the  lungs,  and  the  in- 
ternal animatory  forces  of  the  brain,  united  with  the  respira- 
tory, meet  in  the  centres  of  all  the  viscera,  and  rouse  every 
part,  however  minute  or  imperceptible,  to  particular  operations 
corresponding  to  its  structure  and  nature.  But  it  behoves  us 
to  follow  and  unwind  the  thread  of  experience, — ^that  thread 
which  is  the  true  guidance  of  Pallas  and  the  Muses, — ^lest  we 
lose  ourselves,  and  fall  an  easy  prey  to  error,  in  these  labyrinths 
of  nature.  For  the  purpose  of  furthering  the  above  influx,  the 
diaphragm  or  middle  septum  is  extended  and  interposed  be- 
tween the  two  chambers,  being  constituted  on  one  side  by  the 
pleura,  on  the  other  side  by  the  peritonseum.  The  lungs  lie 
with  their  depressed  portion  upon  this  septum;  the  pectoral 
breast-plate,  the  ensiform  cartilage,  and  the  falciform  ribs,  are 
implicated  with  it :  the  muscles  of  both  regions  are  in  a  manner 
connected  and  continued  to  it :  through  it,  the  oesophagus,  sur- 

cera  of  the  abdomen ;  and  we  shewed  that  the  peritoneeum  and  the 
diaphragm  enter  all  the  viscera  environed  by  them,  by  particular  liga- 
ments ;  firom  which  ligaments  they  expand  over  the  surfaces  of  the 
viscera,  and  so  produce  their  common  coat :  and  further,  that  by  means 
of  capsules  or  sheaths,  in  which  they  enclose  both  the  proper  and 
common  vessels  of  the  viscus,  they  penetrate  all  the  way  to  the  inti- 
mate glands  or  vesicles ;  just  as  the  pleura  penetrates  to  those  of  the 
lungs.  But  the  appliances  and  instrumental  causes  by  which  the  in- 
fluxion  of  the  lungs,  or  what  amounts  to  the  same  tbing^  of  their 
respiration,  is  communicated  to  the  peritonseum,  will  furnish  a  subject 
for  inquiry  in  the  Chapter  on  the  Diaphragm;  since  it  is  the  diaphragm 
by  which  this  end  is  attained.  In  this  place  I  will  do  no  more  than 
enumerate  the  general  modes  of  communication ;  and  for  this  reason,  I 
decline  to  specify  further  their  intend  series,  and  simply  dwell  upon 
those  parts  thereof  which  the  pleura  itself  contributes  to  the  general 
end^  before  its  conjunction  with  the  diaphragm.  That  the  pleura  pro- 
pagates the  addvities  of  the  lungs  to  the  peritonaeum,  see  Part  I. 
n.  320,  324. 
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rounded  by  both  the  pleuwe,  is  transmitted  as  an  axis  to  the 
stomach :  through  it  also  pass  the  two  sympathetic  nerves,  that 
enter,  construct,  and  govern  the  innermost  pores  of  the  viscera 
of  the  abdomen ;  likewise  the  inferior  vena  cava,  and  the  aorta, 
the  great  parent  of  the  arteries.  The  respiratory  action  of  the 
lungs  is  introduced  through  its  open  gates,  firom  without  and 
bom,  within,  into  the  viscera  of  the  peritonaeum.  We  are  now 
touching,  however,  upon  the  immediate  and  proper  offices  of  the 
transverse  septum  (q).  But  the  proper  offices  of  the  pleura  are 
the  following.  It  encases  and  invests  the  oesophagus  by  means 
of  the  mediastinum,  and  pours  around  it  the  pulmonic  motion  (r)  ; 
likewise  its  stomachic  plexus  (s) :  and  this,  in  order  that  the  oeso- 

(q)  On  these  subjects  see  the  Chapter  on  the  Diaphragm,  where 
the  particulars  of  the  passage  of  the  above  parts  through  that  septum, 
and  of  their  connexion  with  it,  may  be  confirmed  by  a  reference  to  the 
anatomical  experience  that  will  there  be  premised.  The  diaphragm  is 
a  continuation  not  only  of  the  pleura  but  also  of  the  peritonseum;  it  is  in 
fact  constituted  of  both  ;  but  it  conjouis  these  two  common  sheaths  and 
bonds  by  muscles  and  filaments  proper  to  itself;  and  thus  brings  the 
action  of  the  one  into  complete  harmony  with  the  action  of  the  other. 

(r)  Winslow  informs  us,  that  the  oesophagus  opens  for  itself  a  way 
towards  the  stomach  between  the  two  coats  of  the  pleura,  that  is, 
through  the  mediastinum,  and  is  surrounded  by  a  coat  borrowed  from 
the  latter.  "  The  two  laminae,'*  says  he,  "  of  which  it  [the  medias- 
tinum] is  made  up  ...  in  the  middle  and  towards  the  anterior  inferior 
part,  ...  are  separated  by  the  pericardium  and  heart.  A  Uttle  more 
posteriorly  they  are  parted  in  a  tubular  form  by  the  oesophagus,  to 
which  they  serve  as  a  covering"  (n.  415).  Again  he  says,  "  The  first 
coat  [of  the  oesophagus],  in  the  thorax,  is  formed  only  by  the  dupli- 
cature  of  the  posterior  part  of  the  mediastinum ;  it  is  wanting  above 
the  thorax,  in  the  neck"  (n.  76).  Now  since  this  coat  sheathes  the 
nerves  of  the  par  vagum,  or  the  stomachic  plexus,  and  likewise  com- 
municates with  the  interior  coats  of  the  oesophagus,  therefore  it  follows, 
that  every  vibration  of  the  pleura  that  is  concentrated  in  the  medias- 
tinum, must  be  communicated  to  the  oesophagus,  and  by  the  oesophagus 
to  the  stomach,  both  to  its  surface,  and  by  the  fibres  of  the  nerves,  to 
its  intimate  parts.  See  the  Chapter  on  the  Pharynx,  the  (Esophagus, 
&c.,  and  also  that  on  the  Stomach. 

(a)  On  these  subjects  again  see  the  Chapter  on  the  Pharynx,  the 
(Esophagus,  &c.,  n.  82,  83. 
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phagus,  thus  equipped  and  excited,  may  effiise  the  living  forces 
of  the  lungs  into  the  stomach,  and  from  the  stomach  roimd 
about  into  its  satellite  viscera.  Furthermore,  the  pleura  bestows 
a  capsule  upon  the  aorta,  the  vena  cava,  the  vena  azygos,  and 
the  two  intercostal  nerves  (^),  and  thereby  inculcates  and  in- 
spires into  them  throughout  their  passage,  that  while  they  re- 
spectively carry  with  them  the  soul  of  the  heart  and  the  soul  of 
the  brain,  they  are  also  at  the  same  time  to  carry  with  them 
the  spirit  of  the  lungs,  into  the  uttermost  provinces  and  the 
innermost  recesses  of  the  kingdom  (u). 

428.  III.  The  pleura  transfers  the  active  efforts  of  the 
muscles  of  the  thorax,  and  the  respiratory  efforts  of  the  lungs, 
not  only  into  the  peritonaeum  and  the  indigenous  viscera  of  the 
cavern  thereof,  but  also  into  the  heart  itself,  its  auricles,  arte- 
ries, and  veins,  and  moves  them  to  follow  the  reciprocations  of 
the  lungs,  at  the  same  time  that  they  are  beating  with  their 
own  pulsations.     But  inasmuch  as  the  pleura,  in  the  fulfilment 

(t)  With  respect  to  the  aorta,  Winslow  says,  "  In  the  most  pos- 
terior part,  a  triangular  space  is  left  between  them  [the  two  laminae  of 
the  mediastinum]  and  the  vertebrae,  from  the  top  to  the  bottom,  which 
is  filled  chiefly  by  the  aorta"  (n.  415).  And  with  respect  to  the  great 
veins  and  the  intercostal  nerves,  which  run  down  near  the  vertebrae, 
we  have  often  observed  already  that  the  pleura  covers  them.  "  The 
vena  azygos  and  its  branches,"  says  Verheyen,  "  and  the  intercostal 
arteries  and  nerves,  lie  in  a  duplicature  of  the  pleura"  {k). 

(u)  The  reader  will  see  the  cause  of  this  in  the  neit  paragraph. 

(x)  On  these  points,  see  the  Chapter  on  the  Peritonaeum,  n.  319, 
320,  321,  where  we  stated  the  universals  of  the  subject,  and  shewed  how 
each  membrane  or  covering  operates  as  a  common  bond  upon  its  enclosed " 
and  indigenous  riscera ;  and  how  it  operates  upon  the  coverings  of  other 
regions,  which  coverings  in  like  manner  serve  as  common  bonds  to 
their  members.  Thus  we  stated  in  the  Chapter  alluded  to,  that  "  the 
members  are  kept  bound  and  guarded  by  the  general  bond,  .  .  .  closely 
and  thoroughly,  in  proportion  to  their  priority  of  place,  as  determined 
by  their  dignity  of  office,  and  to  their  useftdness  in  the  kingdom ;  and 
this,  according  to  the  cause  which  they  undertake  in  the  unanimous 
society"  (n.  321).  And  that  "  in  proportion  as  any  of  the  members 
are  loose  in  their  attaehments,  or  more  slightly  held,  confined  and 
bridled  by  the  general  bond,  ...  in  the  same  proportion  they  are  more 
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of  its  character  aa  a  common  bond^  flows  into  the  members  of 
its  sphere  and  region^  in  a  maimer  exactly  accommodated  to 
the  causes  and  ministries  in  which  they  are  respectively  engaged 
in  the  general  society  {a),  hence  it  flows  into  the  heart,  which 
is  the  ultimate  chief  and  ruler  of  the  kingdom,  in  a  dissimilar 
manner  to  that  in  which  it  flows  into  the  lungs,  which  are 
at  once  the  servants  of  this  king,  and  the  satellites  of  the 
brain  (y).  For  the  heart  governs  the  very  helm  of  the  body, 
while  the  lungs  govern  only  its  sails  and  sailyards.  Hence  the 
pleura  unfolds  its  tissues  and  cords  into  the  heart,  otherwise 
than  into  the  lungs :  in  the  first  instance,  indeed,  it  goes  round 
them  both,  but  it  immediately  approaches  and  enters  the  lungs, 
as  its  proper  oi^an  (xr).  On  the  other  hand,  at  the  place  where 
it  passes  inwards,  as  well  as  in  front,  it  opens  and  separates  its 
mediastinum  into  a  broad  cavity,  and  spreads  its  sail  in  such  a 
maimer,  as  to  surround  and  invest  only  the  proper  tunic  of  the 
heart,  or  the  pericardium  (a).     Thus  circumspectly  and  with 

apt  and  frequent  to  rush  into  pretematoral  modes  and  motions" 
(n.  322).  This  is  particularly  evident  in  the  heart,  which  is  bound 
down  by  the  common  bond  least  of  all  the  organs,  so  that  at  the  first 
signal,  and  the  first  impulse  of  the  blood,  it  can  rush  into  its  alternate 
motions,  and  begin  [its]  circles.  This  could  not  be .  the  case  if  the 
heart  were  tied  and  bound  down  by  the  pleura,  instead  of  being  con- 
nected, as  it  is,  to  the  loose  envelope  of  the  pericardium.  No  part  of 
the  body  demands  a  freer  sphere  of  activity  than  the  heart,  inasmuch 
as  it  b^ins  the  spheres  of  activity  of  a  number  of  viscera. 

(y)  The  lungs  may  properly  be  denominated  the  satellites  of  the 
brain,  inasmuch  as  their  respirations  are  coincident,  with  respect  to 
*tum  and  time,  with  the  reciprocal  animations  of  the  brains ;  also  inas- 
much as  they  are  general  amdliaries,  or  provi^onal  Animatories,  for 
carrying  forward  the  nervous  juice,  otherwise  termed  the  ammal  and 
vital  [spirit],  to  its  destinations  ;  as  we  shall  see  presently. 

(g)  See  above,  n.  421. 

(a)  Respecting  the  manner  in  which  the  two  pleurse  expand  around 
the  pericardium  by  means  of  the  mediastinum,  and  afford  the  pericar- 
dium as  well  as  the  heart  m  extensive  ^here  for  activity,  see  above, 
n.  420  (/)  ;  where  it  was  shewn,  that  the  pleura  does  not  constitute 
the  pericardium  proper,  but  only  goes  over  it  as  a  common  integument 
or  sheath ;  and  interweaves  its  fibres  with  the  proper  fibres  of  the  peri- 
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wonderful  art^  it  enables  the  lungs  and  the  heart,  although  dis- 
parate in  means  of  life  and  rate  of  movement,  still  to  conspire 
unanimously  to  the  same  end ;  namely,  to  guard,  prolong,  and 
perpetuate  the  established  order  of  the  kingdom.  For  the 
pleura,  convoluted  around  the  lungs,  penetrates  by  scaffoldings 
and  networks  all  the  way  to  their  vesicles  or  innermost  centres. 
The  pericardium,  in  its  turn,  advances  to  the  same  centres,  but 
around  the  bronchia,  the  vessels,  and  the  nerves  {b).  In  these, 
the  primary  goals  of  the  lungs,  and  the  intimate  goals  of  the 
heart,  as  in  a  kind  of  courts  or  comitia,  those  two  chiefs  adjust 
and  settle  all  their  differences,  and  suddenly  make  a  covenant 
by  means  of  the  blood.  The  terms  of  this  covenant  are,  1* 
That  the  lungs,  during  each  alternate  draught,  do  admit,  and 
lend  their  assistance  to  infuse,  the  living  spirit  of  the  cerebrum 
and  cerebellum  into  every  nerve  and  muscle  of  the  heart,  its 
auricles,  arteries  and  veins ;  so  that  the  heart  may  perpetually 
enjoy  the  power  of  performing  its  systole  and  diastole,  of  which 
if  deprived,  it,  and  its  vascidar  apparatus,  would  fall  and  die(c). 

cardiam,  by  something  analogoos  to  cellular  tissue.  By  this  means  the 
mediastinum  is  prevented  from  insinuating  itself  in  any  other  than  the 
most  general  manner,  into  that  innermost  sphere  designed  by  the  peri- 
cardium for  the  heart's  activity :  and  this,  because  the  activities  of  the 
heart  are  altogether  different  from  those  of  the  lungs.  Hence  it  follows, 
that  the  pleura  is  the  common  bond  and  covering  of  the  hings,  but  not 
of  the  heart,  the  pericardium  being  the  common  bond  and  covering  of 
the  latter.  The  descriptions  given  by  our  Authors  will  enable  the 
reader  to  form  an  idea  oi  the  mode  oi  communication  between  the 
pleura  and  the  pericardium.  ''The  external  lamina  [of  the  pericar- 
dium]," says  Winslow,  "...  is  formed  by  the  duplicatnre  of  the 
mediastinum.  It  is  connected  to  the  proper  bag  of  the  pericardium  by 
the  cellular  tissue  of  that  dupUcature ;  but  leaves  it  where  the  pericar- 
dium adheres  to  the  diaphragm"  (n.  417).  And  Laocisi  sf^s,  ''The 
external  coat  of  the  pericardium  is  continuous  with  the  outermost  coat 
of  the  lungs  and  of  the  mediastinum"  (n.  419). 

(b)  See  above,  n.  420,  421. 

(e)  It  will  be  seen  in  the  Part  on  the  Heart,  that  the  heart  is  raised 
into  diastole  entirely  by  the  afflux  and  impulse  of  the  venous  blood, 
and  that  its  nervous  fibres  being  thus  stretched  or  extended,  react  pro- 
portionably,  until  they  incite  and  force  its  mosde  to  perform  systole  : 
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2.  On  the  other  hand^  that  the  heart  do  pour  forth  through  the 
venous  artery,  all  its  own  or  the  body^s  blood,  for  the  lungs  to 
conduct  to  those  innermost  places  of  comitia  or  meeting,  for  the 
purpose  of  renewing  the  terms  of  the  covenant  every  time;  so 
that  the  lungs  likewise  may  perpetually  enjoy  the  power  of 
maintaining  their  respiratory  alternations,  of  which  if  deprived, 
they  and  their  air-pipes  would  collapse  and  perish  {d).    3.  That 

also  that  the  nervous  fibres  that  flow  into  the  moying  fibres  of  the  heart 
and  its  auricles,  contribute  in  no  degree  to  its  reciprocal  motions,  fur- 
ther than  that  they  give  the  faculty  whereby  the  heart  is  enabled  to 
perform  those  motions,  according  as  the  influx  of  the  blood  takes  place : 
and  that  this  belongs  entirely  to  the  heart's  organism.  But  as  a  neces- 
sary condition  of  the  fibres  communicating  this  fliculty  and  power  to 
the  heart,  they  must  be  always  turgid  with  spirit ;  for  the  power  of 
action  possessed  by  the  muscles  is  attributable  to  the  spirit  of  the  ner- 
vous fibres.  In  the  Part  alluded  to,  we  also  purpose  shewing,  that  the 
lungs,  as  performing  a  work  vicarious  of  the  animations  of  the  brain, 
infuse  this  spirit  into  the  cardiac  nerves,  and  hence  infuse  the  power  of 
action,  in  a  secondary  sense,  into  the  heart ;  and  that  the  heart  dis- 
penses its  acquired  power,  according  to  the  causes  demanding  it  in  the 
body :  consequently  that  the  heart,  without  this  assistance  from  the 
lungs,  would  sink  with  weakness,  and  presently  die.  Hence  it  foUows, 
that  the  lungs  do  not  influence  the  systaltic  motions  and  measures  of 
the  heart  more  particularly,  than  by  simply  conununicating  this  power. 
Such  would  appear  to  be  the  secret  that  lies  hid  in  the  amazingly 
intricate  connexion  between  the  heart  and  the  lungs.  We  may  infer 
from  this  example,  what  it  is  that  potency  alone  can  do  in  any  subject, 
and  what  general  effects  can  result  from  it ;  since  the  subject  itself  has 
the  liberty  of  performing  its  motions,  or  beginning  its  own  conditions, 
either  from  causes  proper  to  itself,  or  from  foreign  impulsive  causes. 
We  observe  something  analogous  to  this  ui  the  rational  mind.  The 
soul  does  no  more  than  infuse  into  it  the  power  of  perceiving,  thinking, 
judging  and  willing ;  but  in  other  respects,  does  not  in  the  smallest 
degree  trench  upon  its  Uberty  of  operating  according  to  causes  exciting 
it,  either  extrinsic,  inferior,  or  intrinsic ;  and  of  instituting  any  con- 
ditions and  exercitations  that  it  pleases.  The  images  of  this  law  are 
very  vividly  presented  by  the  heart  and  lungs, 

(d)  We  shewed  in  the  Chapter  on  the  Lungs,  that  the  heart  extends 
its  sphere  of  activity  no  farther  than  the  first  threshold  of  the  lungs  ; 
and  that  in  throwing  forth  its  blood  into  the  lungs,  it  throws  it  beyond 
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the  heart  and  the  lungs  do  live  in  separate  chambers^  and  in 
divided  courts  of  office,  disparate  in  their  respective  rhythms 
and  harmonies,  and  as  it  were  in  concordant  discord  (e).  4. 
That  the  mediastinum  of  the  pleura  be  security  for  their  friend- 
ship, and  that  with  this  view,  it  secure  and  seal  up  the  middle 
boundary,  and  there  intromit  the  spirit  of  the  brain  into  the 

itself,  through  a  capsule  continued  from  the  pericardium ;  likewise  that 
the  active  force  of  the  lungs  meets  it  at  the  above  threshold, — ^the  force 
that  flows  forth  from  their  very  centres,  from  which  it  governs  their 
circumferences.  Hence  it  is  plain  that  there  is  a  kind  of  compact  be- 
tween the  heart  and  the  lungs,  whereby  the  former  is  bound  to  send 
forth  all  its  blood  through  the  venous  artery,  and  the  lungs  to  conduct 
it  to  their  intimate  chambers,  where  the  above-mentioned  power  resides ; 
and  another  term  of  the  compact  is,  that  by  this  blood,  the  lungs  are 
to  be  gifted  with  the  power  of  respiring ;  for  in  this  case  the  vesicles 
can  be  opened  by  the  incumbency  and  pressure  of  the  air.  But  if  this 
blood,  when  driven  from  the  heart,  did  not  flow  all  the  way  to  the  in- 
timate reticular  plexuses,  then  the  contractility  or  renitency  of  the 
lungs  against  the  pressure  of  the  atmosphere  would  have  been  so  great, 
that  not  the  smallest  thread  or  pipe  of  the  bronchia  could  possibly  have 
been  opened.  Thus  the  cardiac  blood  gives  the  lungs  the  ability  alter- 
nately to  admit  and  expel  the  air,  in  short,  to  respire  :  so  that  there 
are  certain  powers  which  the  heart  and  the  lungs  divide  between  them. 
But  external  causes  actuate  them  both  to  perform  their  reciprocations ; 
the  advancing  venous  blood  actuates  the  heart ;  the  incumbent  atmo- 
sphere, the  lungs. 

(e)  One  member  never  apportions  and  imparts  to  another  an3rthing 
more  than  potency  ;  and  hence  it  never  deprives  that  other  of  the  liberty 
of  acting  thus  or  thus,  in  one  way  or  in  another.  As  a  parallel  case, 
when  any  individual  man  is  possessed  of  knowledge  and  wisdom,  or  if 
you  prefer  the  illustration,  when  he  is  possessed  of  wealth,  he  is  not  on 
that  account  bound  by  such  possessions  any  further,  than  to  dispense 
and  use  them»  according  to  the  calls  made  upon  him,  either  natural  or 
accidental.  This  is  the  reason  why  the  lungs  in  no  degree  trench  upon 
the  heart,  nor  the  heart  upon  the  lungs;  but  both  of  them  extend 
their  operations  and  vary  their  exercises  in  divers  ways,  within  the 
hmits  of  their  given  sphere  and  acquired  power.  Hence  respectively  to 
the  powers  given  to  them  mutually,  the  utmost  concord  prevails  be- 
tween them :  in  this  sense  we  use  the  terms,  discordant  concord,  and 
concordant  discord. 
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heart  through  the  nerves^  and  the  blood  of  the  body  into  the 
lungs  through  the  vessels ;  and  that  in  this  place,  the  mediasti- 
num and  pericardium,  besides  keeping  guard,  do  themselves 
enter  into  a  similar  subordinate  covenant  (/).  This  covenant 
was  agreed  upon  in  the  intermediate  moment  between  the  ute- 
rine and  post-natal  lives,  that  is  to  say,  at  the  first  moment  of 
birth  (^).  Thus  the  brains,  by  means  of  the  lungs,  communicate 
to  the  heart  the  opportunity  and  power  of  acting :  but  it  is  the 

(/)  This  will  be  evident  if  we  duly  examine  and  consider  the  con- 
nexion subsbting  between  the  mediastinum  and  the  pericardium,  and 
the  influx  of  the  two  into  the  lungs,  and  vice  versa.  For  where  the 
mediastinum  joins  the  pericardium,  it  also  snrrounds  the  great  pulmo- 
nary vessels,  investing  them  with  a  kind  of  capsule  ;  so  that  the  cardiac 
blood  flows  into  the  lungs  within  a  sheath  formed  by  the  pericardium 
and  mediastinum  conjointly.  **  The  trunks  of  the  aorta  and  pulmonary 
artery,"  says  Winslow,  **  have  one  common  coat,  [namely,  the  pericar- 
dium and  mediastinum,]  which  contains  them  both  as  in  a  sheath,  and 
is  lined  on  the  inside  by  a  cellular  tissue  that  is  chiefly  accumulated  in 
the  spaces  where  the  tronks,  and  the  sides  of  the  sheath,  come  into 
mutual  apposition  and  contiguity"  (n.  417).  The  other  authors  we 
have  cited  agree  in  this  riew  :  see  Landsi,  n.  419.  In  this  way,  the 
pleura  and  pericardium  are  pledges  and  sureties,  for  they  cover  and 
seal  the  enl^rances  and  exits ;  and  there  unite  in  a  compact,  to  l^ransmit 
the  blood  of  the  one  through  the  vessels,  and  the  spirit  of  the  other 
through  the  nerves.  Of  the  passage  of  the  nerves  through  the  peri- 
cardium we  shall  speak  presently. 

(ff)  I  shall  endeavor  to  shew  in  the  Epilogue,  that  there  were  differ- 
ent terms  subsisting  between  the  heart  and  lungs  during  uterine  life, 
from  those  which  are  in  force  during  the  life  after  birth ;  and  that  in 
the  former  case  the  heart  must  have  acquired  its  power  of  action  imme- 
diately from  the  fibres  of  the  cerebellum,  without  recdivmg  teaj  assist- 
ance from  the  lungs :  consequently  that  the  heart  could  not  then  have 
been  raised  excepting  by  causes  inspired  by  the  brain ;  and  that  at  this 
time  it  lay  close  to  the  lungs :  but  that  during  the  interval  of  birth, 
when  the  future  man  was  neither  an  embryo  nor  an  infant, — ^when  he 
first  greeted  the  atmospheric  world,  and  entered  upon  his  second  stage 
of  life,  and  took  the  first  draught  of  the  air, — ^that  then,  I  say,  the 
heart  repelled  the  lungs,  and  removed  them  out  of  contact  with  it ;  and 
this,  by  the  pouring  of  the  blood  into  the  pulmonary  artery,  tead  con- 
sequently by  the  extension  of  that  tube,  or  limit ;  and  likewise,  after 
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blood  that  excites  the  heart's  motions  and  alternate  vibrations ; 
the  order  being  actually  the  reverse  of  what  it  was  in  the  prior 
life,  when  the  heart  lived  in  the  womb  (A).  This  is  the  reason 
why  the  heart  and  its  veins  and  arteries,  as  well  as  the  nerves  of 
both  the  brains,  are  kept  constantly  in  the  stream  of  the  re- 
spiratory motion  of  the  lungs,  by  means  of  the  pleura,  the 
mediastinum,  the  pericardium,  the  diaphragm,  and  the  perito- 
naeum ;  and  why  the  vessels,  while  they  carry  with  them  the 
soul  of  the  heart,  and  the  nerves  the  soul  of  the  brain,  are  also 
bound  to  carry  with  them  the  spirit  of  the  lungs,  into  the  ut- 
termost provinces  and  the  innermost  recesses  of  the  kingdom  (i). 

the  lungs  had  been  filled,  by  the  indrawing  of  that  part  [of  them]  which 
surrounds,  and  formerly  pressed  upon,  the  praecordia. 

(A)  See  note  (ff)  immediately  above.  It  is  nothing  more  than  a  con- 
sequence in  the  unbroken  chain  of  causes,  that  in  uterine  life,  the  heart 
was  excited  to  its  vibrations  by  internal  causes  alone,  that  is,  by  the 
spirit  of  the  fibres  of  the  cerebellum  ;  and  at  that  time  acted  upon  the 
blood,  by  means  of  its  muscle,  in  correspondence  to  the  excitation  of 
the  fibres :  and  the  same  remark  applies  to  its  arteries  and  veins.  But 
that  in  the  atmospheric,  mundane,  or  post-natal  life,  the  heart,  actuated 
solely  by  external  causes,  namely,  by  the  influent  venous  blood,  acts 
according  to  its  pecuhar  structure :  thus  in  a  way  directly  the  reverse  of 
the  former.  In  short,  that  in  its  golden  age,  in  the  womb,  it  Uved 
solely  under  the  auspices  of  nature,  whereas  afterwards  it  lives  under 
the  auspices  of  the  body.  For  this  end  the  lungs  are  opened,  and 
form  their  covenant,  as  we  said  above.  These  fortunes  of  the  heart 
extend  also  to  its  whole  kingdom,  and  to  all  the  parts  that  minister 
therein ;  for  all  are  subject  to  the  word  of  the  heart  as  their  chief  and 
ruler,  as  well  as  to  the  word  of  the  lungs. 

(t)  It  has  been  shewn  already  at  considerable  length,  that  the  lungs 
flow  not  only  into  the  peritonseum  and  its  viscera,  but  also  into  the 
arteries,  and  into  the  nerves  of  both  nature  and  the  will, — consequently 
into  both  the  natural  and  voluntary  actions.  I  will  now  state  the  true 
reason  of  this  influx.  This  reason  is,  that  at  the  moment  when  the 
lungs  are  acting,  the  brains,  by  their  animations,  may  tranfuse  their 
spirit  through  the  nerves  into  the  whole  of  the  corporeal  system,  for  the 
lungs,  by  their  vicarious  operation,  to  move  onwards  to  its  ultimate  goals ; 
and  by  virtue  thereof,  may  infuse  the  power  of  action  into  all  things. 
For  as  the  lungs  act  upon  the  heart,  so  they  act  upon  all  the  arteries 
and  veins  of  the  heart,  since  the  heart  endows  these  with  a  property  or 
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With  this  end  in  view,  the  cardiac  nerves  pass  through  the 
pericardium  {k),  and  the  latter,  continuous  with  the  mediasti- 

faculty  analogous  to  its  own.  This  in  no  way  destroys  the  variety  of 
conditions,  as  we  said  before,  but  rather  gives  the  power  of  varying 
them,  according  to  any  invading  and  inciting  causes.  This  is  the  true 
reason  why  the  pleura  and  peritonaeum  invest  the  arteries  and  veins, 
great  and  small,  with  a  particular  capsule  or  dupticature ;  to  wit,  that 
they  may  enter  the  minute  organic  parts  of  all  the  viscera  with  the  same 
spirit  or  power,  and  institute  there  the  same  play,  as  the  heart  and  the 
lungs  institute  between  themselves. 

(k)  The  passage  of  the  cardiac  nerves  through  the  pericardium,  is 
a  matter  that  belongs  properly  to  the  next  Part  of  our  Work,  in  which 
we  intend  to  treat  of  the  Heart ;  but  to  preserve  the  continuity  of  the 
subject  in  the  meantime,  I  will  here  make  a  short  excerpt  from  Lancisi*s 
description.  [After  stating  that  the  nerves  supplying  the  prsecordia  may 
be  reduced  to  five  classes,  he  proceeds  to  say,  that]  the  first  class  of 
these  nerves,  namely,  the  par  vagum,  *'  gives  off  a  branch  which  pene- 
trates the  pericardium  in  company  with  the  vena  cava,  and  goes  to  the 
right  auricle ;  also  another  branch,  which  runs  back  under  the  pul- 
monary artery,  and  supplies  several  large  branches  to  a  considerable 
plexus  situated  posteriorly  between  the  pulmonary  artery  and  the  aorta, 
at  the  base  of  the  heart,  that  is  to  say,  at  the  place  where  the  ductus 
arteriosus  passes  between  these  two  arteries."  And  further,  that  "  the 
nerve  of  the  fourth  class,  or  intercostalis  inferior,  arises  by  several 
origins  below  the  axillary  nerves,  between  the  third  and  fourth  dorsal 
vertebrae,  and  then  passing  obUquely,  is  corroborated  by  the  third  gan- 
glion, from  which  several  branches,  penetrating  the  pericardium,  and 
running  along  the  superior  vena  cava  and  the  right  auricle,  are  dispersed 
to  the  heart,  to  produce  ultimately  the  before-mentioned  plexus,"  &c. 
(De  Motu  Cordis,  &c.,  lib.  i.,  sec.  iii.,  cap.  iii.,  prop.  48.)  This  shews 
that  the  mediastinum  and  pericardium  are  sufficiently  trusty  guards  and 
securities  against  any  nerve,  however  small,  passing  into  the  sphere  of 
the  heart,  without  having  been  excited  by  the  lungs  to  transfuse  the 
spirit  into  the  nerves  of  the  cardiac  plexus.  Thus  much,  I  think,  can- 
not be  denied,  that  the  nerves,  when  roused  by  action  in  the  body, 
pour  forth  the  spirit  in  increased  quantity ;  a  thousand  experimental 
facts  shew  such  to  be  the  case  :  see  below,  n.  424  {q)  and  (r).  And  it 
is  equally  indubitable,  that  the  pericardium  vibrates  in  unison  with  the 
respiratory  movements  of  the  lungs,  for  it  is  continuous  with  the  me- 
diastinum, embraced  and  encompassed  by  both  the  lungs,  and  connected 
inferiorly  with  the  diaphragm. 
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num^  loosely  invests  the  heart  and  its  auricles^  and  the  heads  of 
the  great  arteries  and  veins  (/).  For  the  same  reason^  the  heart 
lies  between  the  two  lungs,  but  lies  freely,  and  with  its  flat 
portion  resting  upon  the  middle  of  the  diaphragm  (m).  In  a 
word,  this  is  the  end  of  all  the  labyrinthine  windings  of  the 
pleura  and  of  the  peritonseum ;  to  wit,  that  the  heart  may  lie 
shut  up,  like  Jason's  golden  fleece^  in  the  middle  of  this  laby- 
rinth, and  may  see  round  it  on  all  sides  the  arteries  and  veins, — 
wandering  over  the  whole  field  of  its  kingdom^  and  animated  by 
the  breath  of  the  lungs, — ^performing  their  offices  aright  under 
the  perpetual  auspices  of  the  cerebrum.  But  the  heart  looks 
upon  the  blood  that  it  sends  forth  into  the  lungs,  as  it  were 
from  behind,  and  not  as  its  own,  but  as  belonging  to  the 
lungs  (n),  and  as  being  on  its  passage  to  the  ultimate  stations 
of  the  cerebrum  itself  in  the  body ;  and  when  it  has  been  lus- 
trated  there,  as  in  a  higher  region,  the  heart  anxiously  awaits  its 
return  to  the  inferior  provinces,  that  is,  to  the  provinces  of  the 
body  j  in  order  that  it  may  then  have  it  at  its  own  disposal  (o). 

(t)  The  pericardium  covers  the  auricles  and  vessels  of  the  heart,  in 
the  same  manner,  that  is  to  say,  as  loosely,  as  it  covers  the  heart  itself; 
and  this,  in  order  that  the  pulmonic  motion  may  at  the  same  time  be 
carried  into  the  vessels  of  the  heart.  **  Its  base,"  says  Winslow,  ''has 
a  particular  elongation,  like  a  little  head,  which  surrounds  the  great 
vessels  as  amply  as  the  other  portion  surrounds  the  heart"  (n.  417). 

(m)  On  these  subjects  Winslow  remarks,  that  "  at  the  lower  edge 
of  the  left  lung,  there  is  an  indented  notch  or  siaus,  opposite  to  the 
apex  of  the  heart,  which  is,  therefore,  never  covered  by  that  lung,  even 
in  the  strongest  inspirations"  (n,  387).  And  again,  that  ''the  pericar- 
dium is  closely  connected  to  the  diaphragm,  not  at  the  apex,  but  ex- 
actly at  the  place  which  answers  to  the  flat  or  lower  side  of  the  heart," 
but  that  "  the  rest  of  the  bag  lies  upon  the  diaphragm  without  any 
adhesion"  (n.  417). 

(n)  The  reader  will  find  these  points  explained  above,  in  the  Chap- 
ter on  the  Lungs,  n.  408. 

(o)  I  say  that  the  blood  mounts  to  the  supreme  region,  when  it  passes 
from  the  heart  into  the  lungs.  It  was  observed  before,  in  the  Chapter 
on  the  Lungs,  that  when  the  blood  goes  forth  to  the  lungs,  it  escapes 
beyond  the  heart's  sphere  of  activity,  throwing  itself  into  a  capsule 
formed  by  the  pericardium,  which  reaches  all  the  way  to  the  intimate 
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424.  lY.  The  pleura  not  only  conveys  firom  the  muscles  of 
the  thorax^  the  minutise  of  their  actions^  through  the  intenrening 
membranes^  to  the  circumference  of  the  lungs^  and  afterwards, 
by  cellular  steps  and  arches,  to  the  intimate  channels  of  the 
blood  and  the  air,  but  [it  also  conveys  the  actions]  of  the  spinal 
marrow  [to  their  destinations]  ;  for  it  receives,  embraces  and 
clothes  the  nervous  fisuscicles  thereof,  running  forth  into  the 
circus  and  amphitheatre  of  the  thorax, — ^I  mean,  the  dorsal  and 
intercostal  nerves, — almost  immediately  [on  theu'  exit  from  the 
vertebral  canal],  and  leads  them  by  the  hand  to  the  moving  mus- 
cles (p)  ;  and  so  holds  the  reins,  that  the  medullary  spine  inflows 
in  constant  order  with  its  own  animated  forces,  as  well  as  with 
those  of  the  cerebrum  and  cerebellum,  into  the  moving  fibres  of 
the  chest,  from  which  proceed  the  respiratory  actions.    Thus 

parts  of  the  longs ;  and  delivering  itself  up  to  the  rule  of  the  lungs, 
and  submitting  to  be  purified  of  its  serous  sooriee  in  those  intimate 
parts.  It  passes  into  a  higher  sphere  when  it  passes  into  the  animatory 
sphere  of  the  brains,  which  prevails  in  the  lungs.  In  fact,  the  only 
universal  motions  in  the  body  are  those  of  the  brains  and  those  of  the 
heart.  The  animatory  motions  of  the  former  depend  upon  the  animal 
spirit ;  the  motions  of  the  latter  depend  upon  the  blood.  Immediatdy 
after  birth,  the  respirations  of  the  lungs  unite,  so  far  as  time  is  con- 
cerned, with  the  animations  of  the  brains :  and  hence  the  blood  car- 
ried up  to  the  innermost  parts  of  the  lungs,  is  taken  into  the  sphere  of 
activity  of  the  brains;  in  fine,  into  a  higher  sphere;  and  is  never 
submitted  to  the  jurisdiction  of  the  heart,  until  it  has  returned  firom 
thence. 

(p)  We  before  pointed  out,  that  the  pleura  fastens  upon  the  dorsal 
nerves  that  follow  the  curvature  of  the  ribs,  and  encloses  them  in  a  cap- 
sule, immediately  after  their  exit  fi*om  the  vertebrse ;  and  it  appears 
furthermore,  from  all  the  neurological  authorities,  that  it  also  fastens 
upon  the  great  intercostal  nerves,  just  at  the  point  where  the  branches 
producing  them  issue  from  the  intervertebral  spaces,  and  combine  to 
form  those  two  nervous  trunks.  The  pleura  straightway  binds  them 
down  ;  and  particularly  their  costal  or  dorsal  branches,  which  it  tightly 
reins  and  curbs.  And  there  are  certain  ganglionic  nodules,  into  which 
the  nerves  plunge  as  they  issue  through  the  foramina,  and  in  which 
they  knot  themselves,  before  they  pass  into  the  great  intercostal  nerves. 
The  pleura  covers  these  likewise.  Thus  it  disposes  the  nerves  them- 
selves, from  their  very  cradles  to  their  ultimate  stations. 
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the  pleura,  by  a  wonderful  piece  of  cooperation,  guides  and 
governs  these  nerves  in  their  descent,  all  the  way  from  the  dis- 
tances nearest  to  the  starting-place,  to  the  uttermost  goals  of 
the  course;  in  other  words,  it  governs  the  pneumonic  play, 
from  the  first  causes  of  the  principle,  through  the  intermediate 
causes,  to  the  ultimate  causes,  or  the  ends ;  and  precludes  all 
mischance  and  wandering  from  the  case  (q).  Hence  it  takes 
care  that  the  systaltic  motions  of  the  spinal  marrow, — ^its  alter- 
nate animatory  movements, — ^fall  into  unanimity  and  imity  with 
the  alternate  respiratory  movements  of  the  lungs  (r).  The 
pleura  not  only  stamps  the  actions  of  the  spinal  marrow  upon 

(q)  Not  only  does  the  pleura  determine  the  outward  passage  of 
these  nerves  along  the  ribs,  and  their  insertion  into  the  muscles^  but  it 
also  excites  them  to  operation,  by  its  alternate  contractions ;  for  even 
the  smallest  active  force,  whether  consisting  in  traction,  pricking,  or 
straining,  or  in  warm  contact,  or  breath  from  the  mouth,  (according  to 
the  experience  of  many  writers,)  rouses  the  fibres  of  the  nerves  to  ope- 
rate correspondently  upon  the  muscles  into  which  they  flow.  This  has 
been  tried  and  proved  to  be  the  case  after  death  with  respect  to  several 
muscles,  particularly  those  of  the  heart,  the  stomach,  and  the  dia- 
phragm ;  but  of  the  experiments  alluded  to,  we  shall  speak  more  at 
large  in  another  place.  Hence  it  cannot  for  a  moment  be  questioned, 
that  the  pleura,  by  immediate  contact,  by  means  of  its  circumscription 
of  the  nerves,  and  of  its  dose  application  to  them,  reacts  upon  them, 
and  thereby  upon  the  muscles,  to  the  same  extent  that  the  muscles  act 
upon  it ;  and  the  more  certainly  and  constantly,  since  it  adheres  to  the 
muscles  themselves,  or  at  least  to  their  coats.  So  again  it  is  unques- 
tionable, that  the  pleura  introduces  the  branches  of  the  nerves,  into  the 
muscles :  according  to  Winslow,  "The  cellular  portion  of  the  pleura . . . 
even  penetrates  the  muscles,  and  communicates  with  the  cellular  sub- 
stance in  their  mterstices,  all  the  way  to  the  external  adipose  membrane 
on  the  convex  side  of  the  thorax"  (n.  415). 

(r)  Were  we  to  bring  forward  all  the  details  to  be  met  with  in  the 
pleura,  or,  we  should  rather  say,  in  the  thorax,  that  concur  to  prove 
the  coincidence  between  the  motions  of  the  spinal  marrow,  or  what 
amounts  to  the  same  thing,  of  the  cerebrum  and  cerebellum,  [and  the 
motions  of  the  lungs,]  they  would  of  themselves  occupy  a  large  space. 
It  is  not  necessary  to  particularize  more  than  a  few  of  them  in  this 
place ;  but  there  is  scarcely  a  single  point  in  the  mailed  and  tunicated 
parietes  of  the  thorax,  that  does  not  go  to  prove  the  doctrine  of  such 
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the  liings^  but  it  also  returns  the  compliment^  and  conveys  back 
the  favor  to  the  master  of  the  games  [agonothetae]  ;  for  it  re- 
torts and  carries  in  the  corresponding  alternate  movements  of 
the  lungs  and  thorax,  to  the  tunica  vaginalis*  of  the  vertebral 
theca,  and  to  the  external  covering  of  the  spinal  marrow,  and 
so  to  the  dura  mater  of  the  latter  as  well  as  of  the  brain;  and 
thus  it  leads  round  the  influx  and  reflux  of  causes  and  effects  in 
an  everlasting  spiral  («).  For  the  pleura  is  implicated,  by  con- 
tiguous tissues  and  intersepta,  with  the  vertebrae,  and  their 
tunicffi  vaginales.  The  twelve  pairs  of  ribs,  to  which  it  serves . 
as  a  periosteum,  are  also  planted  upon  the  vertebrae,  in  the 

coincidence  ;  all  things   so   without  exception  attest  this  union  of 
motions. 

(s)  It  is  a  general  law  in  all  the  spheres  of  activity  in  the  body, 
that  the  reaction  of  their  parts  corresponds  exactly  to  the  action,  this 
being  the  source  of  their  natural  equilibrium :  so  that  in  these  respects 
they  possess  properties  analogous  to  elasticity :  thus  we  observed  be- 
fore (q),  that  the  pleura  reacts  upon  the  nerves  of  its  muscles,  to  the 
same  degree  that  the  muscles  act  upon  the  pleura.  The  like  condition 
subsists  between  the  spinal  marrow  and  the  pleura.  For  in  proportion 
as  the  spinal  marrow  acts  by  the  nerves  upon  the  muscles  of  inspiration, 
in  the  same  proportion  the  muscles  react  upon  the  spinal  marrow ;  and 
both  the  action  and  reaction  are  communicated  through  the  pleura. 
This  gives  rise  to  a  certitude,  habitual  character,  and  constancy,  and  to 
a  certain  perpetuity,  in  all  actions.  But  with  respect  to  the  cerebrum, 
cerebellum,  and  medulla  oblongata,  there  is  indeed  a  similar  action  and 
reaction  between  them  and  the  muscles,  by  means  of  the  pleura ;  but 
with  this  difference  from  the  former  case,  that  the  reaction  is  referred, 
as  it  were  through  a  circle,  to  the  spinal  marrow ;  namely,  through  its 
exterior  tunics,  and  so  towards  its  interior  parts ;  as  will  be  pointed  out 
presently.  Furthermore,  this  reaction  passes  directly  to  the  very  fibres 
and  sources  of  the  spinal  marrow ;  for  any  friction,  handling,  or  con- 
tact of  the  nerves,  just  like  any  sensation  arising  from  touch,  creeps  up 
along  the  fibres  to  their  principles,  and  incites  them :  this  is  the  case 
with  the  chafing  of  the  nerves  by  the  pleura :  hence  this  reaction  is 
determined  to  the  spinal  marrow  by  two  ways ;  and  thus  we  have  in- 
cessant action  as  a  consequence  of  incessant  reaction. 

*  See  VieiuseiiB,   Newregraphia  Univertalitf  lib.  it,  cap.  L,  De  Membranis 
Spinalis  MeduUc,  where  this  tonic  Is  described. — (Tr.J 


Digitized  by  VjOOQ IC 


THE   PLEURA^- MEDIASTINUM,   AND    PERICARDIUM.         245 

manner  of  arched  levers  upon  their  bases  or  fulcra.  And  as 
this  osseous  grate  of  the  chest  rises  and  falls  alternately^  the 
several  ribs  so  vibrate  their  vertebrae, — the  vertebrae  so  drag, 
stretch,  chafe,  and  irritate  the  tunica  vaginalis  of  the  theca, 
and  this,  the  common  proper  integument  of  the  spinal  marrow, 
and  this,  the  continuous  dura  mater  of  the  brain  (/),  that  all 
these  parts  go  off  into  the  same  rhjrthmic  numbers  and  mea- 
sures as  the  chest ;  and  thus  the  alternate  respiratory  move- 
ments of  the  lungs  inevitably  fall  into  imanimity  and  unity  with 
the  alternate  [animatory]  movements  of  the  spinal  marrow,  the 
cerebellum,  and  the  cerebrum. 

425.  V.  The  pleura,,  in  its  character  of  charioteer  and 
director,  sitting  on  the  seat  of  its  chariot,  governs  and  controls 
not  only  the  nervous  reins,  or  the  spirit  of  the  fibres,  but  also 
the  arterial  reins,  or  the  blood;  the  spirit,  that  is,  and  the 
blood,  as  they  are  flowing  ipto  the  moving  fibres  of  their 
muscles;  for  whatever  governs  the  one  must  also  govern  the 
other  {u).  It  so  administers  the  vessels  and  dispenses  the  arte- 
rial blood,  that  it  takes  out  no  greater  supplies  of  the  latter 
from  the  trunk  of  the  passing  aorta,  sends  away  no  more  to  the 
muscles,  and  sends  back  no  more  into  its  veins,  than  the  end  in 

(t)  These  particulars  cannot  yet  be  corroborated  by  their  proper 
experimental  proofs ;  that  is  to  say,  we  cannot  yet  shew  how  the  ver- 
tebrae, alternately  slanted  by  the  raising  ap  of  the  ribs,  operate  upon 
the  tunica  vaginalis  of  the  vertebral  theca,  and  how  this  operates  by  its 
muscular  power,  and  a  number  of  other  means,  upon  the  common  ex- 
ternal covering  of  the  spinal  marrow,  which  is  a  continuation  of  the 
dura  mater.  But  that  these  experimental  proofs  favor  my  views,  will 
be  seen  in  the  Part  on  the  Medulla  Spinalis.  In  the  meantime,  all  who 
are  sufficiently  acquainted  with  anatomy  may  see  and  comprehend  the 
truth,  from  a  knowledge  of  the  connexion  of  the  parts. 

(u)  Anatomy  fiunishes  innumerable  illustrations  of  the  fact,  that 
the  motions  of  the  muscles  depend  upon  both  the  blood-vessels  and  the 
nerves ;  that  is  to  say,  upon  the  blood  that  runs  through  the  vessels, 
and  upon  the  spirit  that  runs  through  the  nerves.  For  when  an  artery 
or  nerve  is  either  cut,  or  pulled  or  dragged  asunder,  or  wounded,  or 
blocked  up,  the  motion  of  the  muscle  supphed  by  such  vessel  or  nerve 
suddenly  suffers,  is  dulled,  faUs  off,  and  ceases.  Thus  what  regulates 
the  one  must  also  regulate  the  other. 
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view,  that  is  to  say,  the  existing  state  of  the  respiration  taken 
in  conjunction  with  the  [bodily]  actions,  demands  and  in  a 
manner  calls  forth.  To  ensure  this  result,  the  pleura  brings  off 
its  intercostal  arteries,  not  obliquely  but  at  right  angles,  from 
the  great  and  common  artery  (a?),  and  afterwards  binds  them 

(x)  We  have  often  observed  before,  that  the  blood  is  not  intruded 
into  either  the  viscera  or  the  muscles  by  the  power  of  the  aorta ;  but  is 
invited  from  the  bed  of  the  aorta,  according  to  the  wants  of  each  parti- 
cular viscus.  The  reason  thereof  is,  that  this  great  artery,  merely  pro- 
pelling the  stream  of  blood  onwards  along  its  branches  by  the  action 
of  its  muscular  coat,  cannot  possibly  supply  the  different  viscera  with 
their  proper  quantities  and  peculiar  qualities  of  blood ;  for  each  member 
demands  more  or  less  according  to  the  intensity  of  its  action,  and  one 
quality  or  another  according  to  the  nature  and  mode  of  its  operation,  or 
according  to  the  character  of  its  ftmction.  The  same  may  be  said  of 
the  muscles :  those  which  are  called  into  more  vehement  and  frequent 
motions,  at  the  command  of  either  nature  or  the  will,  require  a  greater 
or  lesser  quantity  of  blood ;  which  cannot  be  regulated  in  any  degree  by 
the  aorta.  Thus  the  intercostal  or  respiratory  muscles,  when  con- 
spiring powerfully  with  the  voluntary  actions,  demand  different  quan- 
tities of  blood,  according  to  the  degree,  and  the  particulars,  of  the 
cooperation.  This  will  become  still  more  evident  in  the  Part  on  the 
Motive  Fibre.  Thus  the  intercostal  arteries,  which  supply  the  respira- 
tory musdes,  come  off  perpendicularly  from  the  trunk  of  the  aorta,  in 
order  that  the  latter  may  arrogate  to  itself  no  authority  over  them  :  for 
the  more  perpendicularly,  the  less  can  the  aorta  intrude  any  portion  of 
the  sanguineous  stream.  The  very  direction  and  obliquity  cause  the 
torrent  of  blood  to  be  determined  hither  or  thither.  All  the  blood 
that  runs  out  from  the  aorta  at  right  angles,  escapes  beyond  its  point  of 
determination ;  according  to  the  plain  shewing  of  mechanics  and  geo- 
metry. Moreover,  it  is  of  great  importance  to  the  whole  kingdom, 
that  the  vessels  destined  to  be  subservient  to  respiration  should  be  en- 
tirely dependent  upon  the  will  of  their  musdes,  and  in  no  degree  upon 
the  aorta.  "The  inferior  intercostal  arteries,"  says  Winslow,  "are 
commonly  seven  or  eight  in  number  on  each  side,  but  sometimes  they 
amount  to  as  many  as  ten:  this  happens  when  the  superior  inter- 
costals  also  arise  from  the  descending  aorta,  in  which  case,  the  lat- 
ter run  obliquely  iq)wards.  .  .  .  They  arise  in  pairs  from  the  posterior 
part  of  the  descending  aorta,  as  far  as  the  diaphragm,  and  run 
out  transversely  towards  each  side,  on  the  bodies  of  the  vertebrae." 
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straitly  with  its  membranes  and  thongs^  and  conveys  them 
along  the  curvatnres  of  its  wheels  the  ribs^  each  to  its  particular 
goal,  and  presently  gives  them  up  to  the  muscles  demanding 
them.  And  the  better  to  secure  an  abundance  of  the  valuable 
gifts  that  it  is  to  distribute,  and  to  prevent  itself  from  ever 
being  reduced  to  want,  it  also  extracts  auxiliary  forces  from  the 
mediastinal  arteries,  consequently  from  the  mammaiy,  dia- 
phragmatic, and  (esophageal  arteries;  in  fine,  from  all  the 
springs  and  streams  of  its  own  region  (y).    This  blood,  which 

(Exp,  Anat,f  Tr,  dee  ArtereSy  n.  115,  116.)  And  Boerhaave  says, 
*^The  branches  of  the  arteries  are  observed  to  have  various  modes  of 
origin ;  they  generally  arise  from  their  trunks  at  acute  angles,  less  fre- 
quently at  right  angles,  which,  however,  is  the  case  with  the  intercos- 
tals."  (Imt.  Med.,  n.  132.) 

iy)  As  there  are  infinite  varieties  of  muscular  motions,  so  there  are 
infinite  varieties  of  requisition  of  blood.  For  the  muscles,  whether 
abdominal,  or  pectoral,  or  lumbar,  or  brachial,  or  to  whatever  region 
belonging,  by  the  exceeding  vehemence  of  their  reciprocations,  occa- 
sionally demand  a  great  abundance  of  blood,  so  that  sometimes  the 
aorta  can  scarcely  stuff  or  satiate  their  greedy  maws ;  in  which  case  the 
intercostal  musdes  might  easily  be  deprived  of  their  share,  and  become 
bloodless,  and  the  lungs  might  give  up  the  ghost.  As  the  surest 
means  of  obviating  this  mortal  danger,  care  is  taken  not  only  that  the 
intercostals  shall  copulate  by  frequent  anastomoses  with  the  mammary 
and  phrenic  arteries,  but  also  that  the  pleura  shall  be  supplied  by  the 
proper  vessels  of  the  mediastinum  that  arise  either  from  the  aorta  or  the 
subclavian  artery,  and  by  its  other  vessels  that  come  from  the  mam- 
mary, phrenic,  and  oesophageal  arteries :  for  the  mediastinum  is  the 
plane  in  which  the  pleurae  of  both  sides  meet  as  in  a  common  hall ; 
consequentiy  the  pleurae,  like  circumferences,  can  call  forth  all  the 
blood  they  need,  and  hence  summon  it  by  these  means  firom  the  uni- 
versal body.  *'  The  arteries  and  veins  of  the  pleura,"  says  Winslow, 
**  are  chiefly  ramifications  of  the  intercostals.  .  .  .  The  internal  mam- 
mary and  phrenic  vessels  likewise  give  some  branches,  which  commu- 
nicate very  freely  with  those  that  come  from  the  intercostals.  The 
mediastinum  has  its  own  particular  vessels,  the  mediastinal  arteries 
and  veins,  which  are  commonly  branches  of  the  subclavian  vessels. 
The  internal  mammary  vessels  supply  its  anterior  branches,  the 
phrenic,  its  inferior,  and  the  intercostal  and  oesophageal,  its  posterior" 
(n,  415). 
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the  muscles  neither  demand  nor  invite  {z),  ihe  pleura  scatter^ 
about^  and  carries  in  rills  over^  its  membranous  web^  and  thus, 
so  completely  dyes  and  saturates  it  with  sanguineous  purple^ 
that  it  constantly  maintains  the  ever  mediate  and  elastic  cha- 
racter, derived  fipom  its  original  principles,  whereby  it  is  enabled 
to  serve  as  the  just  level  and  rule  of  the  respiratory  motions  (a) : 
and  the  residual  or  superabundant  portion  of  the  blood,  the 
pleura  sends  away  into  its  intercostal  veins,  (which  it  keeps 
under  control  in  the  same  manner  as  the  arteries,)  and  from 
them  into  the  vena  azygos.  There  is  a  particular  respiratory 
field,  differing  in  extent  at  different  times,  according  to  the 
number  of  muscles  cooperating,  and  according  to  the  sphere  of 
activities  into  which  the  associate  respirations  enter  and  expa- 
tiate. The  common  receptacle  of  the  blood  of  this  field  is  the 
vena  azygos  or  vena  sine  pari  {b),  in  which  vein  the  sanguineous 

(z)  See  above,  notes  (a?)  and  (y). 

(a)  The  pleura  is  exceedingly  rich  in  blood-vessels,  nay,  absolutely 
replete  with  them.  In  the  words  of  Winslow,  "  It  is  .  .  .  plentifuUy 
stored  with  blood-vessels  and  nerves.  .  .  .  These  [vascular]  ramifications 
are  exceedingly  numerous,  and  for  the  most  part  very  small"  (n.  415). 
And  Heister  says,  "  It  [the  pleura]  has  numberless  arteries,  arising 
from  the  intercostal,  mammary,  and  phrenic  arteries"  (n.  411).  The 
condition  and  state  of  every  membrane,  as  in  the  present  case,  of  the 
pleura,  is  principally  dependent  upon  the  supply  of  arterial  blood,  and 
its  just  proportion  with  respect  to  quantity.  If  (he  supply  be  excessive, 
(which  it  is  during  inflammation,  ardent  fevers,  and  the  like  inundations 
of  blood,)  the  membranes  become  rigid,  and  act  more  than  they  react. 
On  the  other  hand,  when  the  supply  is  defective,  the  membranes  be- 
come flaccid,  fall  into  gathers,  and  are  simply  passive.  In  either  event 
they  lose  their  elasticity. 

(b)  We  treated  of  the  spiratory  field,  of  the  blood  of  which,  the 
vena  azygos  is  the  receptacle,  in  our  Economy  of  the  Animal  Kingdom, 
treatise  i.,  n.  566,  567,  568 ;  and  treatise  ii..  On  the  Coincidence  of 
Motion  between  the  Brain  and  the  Lungs,  n.  25 — 30.  But  lest  the 
reader's  mind  should  be  unable  to  follow  the  argument,  from  being  al- 
together without  experimental  illustrations,  I  vdll  transfer  to  this  place 
from  my  former  Work,  a  simple  description  of  the  vena  azygos,  com- 
piled from  Landsi,  Eustachius,  Morgagni,  Winslow,  and  Yieussens  ;* 

*  The  duef  part  of  the  following  descriptioii  appears  to  be  derived  imme- 
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streams  ore  collected  firom  the  whole  boundaries  of  the  field ; 
while  the  streams  that  are  extraneous  to  it  are  discharged  as 

and  so  enable  each  indlYidnal  to  form  conclusions  for  himself.  The 
Tena  azygos  obtains  its  blood  principally  firom  the  vertebral  sinuses,  the 
intercostal  Teins,  the  spinal  nerves,  and  firom  a  great  number  of  mus- 
cles. In  man  it  is  a  single  vein,  and  placed  on  the  right  side,  running 
near  the  vena  cava  and  the  right  auricle  of  the  heart ;  though  in  some 
subjects  there  is  a  lesser  vein, — ^the  semiazygos,— on  the  left  side.  The 
vena  azygos  is  also  single  in  the  monkey,  the  dog,  the  horse,  and  some 
other  animals.  It  lies  on  the  left  side  in  the  hedgehog  and  the  mouse. 
There  are  two  veins  corresponding  to  it,  in  the  ox,  the  goat,  and  the 
sheep ;  also  in  the  pig ;  but  in  the  latter  the  left  vein  is  so  disposed 
that  it  receives  its  blood  also  fi'om  the  lower  ribs  of  the  right  side.  In 
gallinaceous  fowls  there  are  four  such  veins,  two  on  each  side.  The 
vena  azygos  of  the  human  subject  joins  the  vena  cava  outside  the  peri- 
cardium, and  upon  the  right  bronchium,  round  which  it  turns ;  it  is 
also  united  to  the  trachea  by  strong  fibres  and  minute  vessels,  which 
penetrate  all  the  way  to  the  internal  surface  of  the  latter.  In  the  mon- 
key, dog,  and  cat,  it  inosculates  with  the  superior  vena  cava  inside  the 
pericardium,  and  near  the  right  auricle  of  the  heart.  In  the  horse,  it 
enters  the  base  of  the  right  auricle  by  one  orifice ;  in  the  ox  and  pig,  by 
two  orifices,  but  which  are  only  divided  from  each  other  by  an  interme- 
diate muscular  septum.  In  birds,  all  the  veins  answering  to  the  vena 
azygos  discharge  themselves  into  the  right  and  left  axillary  veins.  The 
human  semiazygos,  when  present,  runs  to  the  left  subclavian  vein.  The 
vena  azygos  hes  inside  the  thorax,  opposite  the  roots  of  the  ribs,  along 
the  right  side  of  the  vertebrse,  and  between  the  membranes  of  the 
pleura,  [that  is,  in  the  posterior  mediastinum.]  It  has  valves,  like 
other  veins ;  and  at  its  inosculation  with  the  vena  cava,  it  is  furnished 
with  a  muscular  semicircle  or  semisphincter,  which  is  suppHed  by  a 
particular  branch  of  the  spinal  [intercostal]  nerves.  A  similar  muscular 
guard  is  observed  in  the  semiazygos  or  left  vein,  when  present,  at  the 
place  where  it  joins  the  subclavian.  At  its  lower  end,  the  vena  azygos 
sometimes  communicates  with  the  inferior  vena  cava,  sometimes  with 
the  right  emulgent  vein,  sometimes  with  one  of  the  lumbar  veins ;  and 
in  its  ascent  it  increases  very  greatly  firom  receiving  ten  branches,  into 
which,  and  particularly  the  uppermost,  subordinate  branches  run  firom 

diately  from  two  sources,  namely,  firom  Lancisi,  Dusertatio  de  Vend,  Hne  pari, 
and  tab.,  inserted  in  Morgagni,  Advert,  Anai,  v. ;  and  from  Winslow,  Bxp,  Anat,^ 
3V.  de»  VeitUt  n.  39— 54.— ("TV.^ 
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foreign  into  the  inferior  vena  cava.  This  is  the  reason  why  the 
pleiura  has  placed  its  vena  azygos  in  the  centre  and  port  of  its 

the  trachea  and  bronchia.  On  the  left  side  it  receives  six  or  seven 
branches,  the  uppermost  of  which,  insinuating  itself  under  the  right 
bronchium,  and  the  great  artery,  at  the  left  side  of  the  thorax,  climbs 
over  the  axillary  artery,  and  ultimately  falls  into  the  left  axillary  vein. 
The  fourth  in  order  of  the  left  branches  [b^inning  from  the  lower 
end]  is  larger  than  the  rest,  and  may  be  regarded  as  a  little  trunk  of 
union ;  it  comes  originally  from  the  testes,  and  in  females  from  the 
uterus ;  and  increases  by  streamlets  joining  it  as  it  ascends.  The  vena 
azygos  often  joins  the  vena  cava,  at  other  times  the  emulgent  vein,  and 
the  mammary  veins ;  but  it  derives  the  greater  part  of  its  blood  from 
the  intercostal  muscles,  both  of  the  right  and  left  sides,  from  the  serrati 
and  pectorales,  from  the  lumbar  and  vertebral  muscles,  from  the  dia- 
phragm, up  the  side  of  which  it  creeps,  from  the  sinuses  of  the  spinal 
marrow,  from  the  pleura,  from  the  adipose  membrane,  from  the  ster- 
num, and  from  other  sources.  Thus  it  receives  nearly  all  the  inferior 
intercostal  veins  of  the  right  side,  (which  in  their  turn  communicate 
with  the  rest  of  the  thoracic,  and  with  the  mammary  veins)  ;  also  the 
left  intercostal  veins,  though  seldom  the  whole  of  them ;  for  the  supe- 
rior veins  run  oft;en  to  the  left  subclavian  vein.  Inferiorly,  a  branch  of 
considerable  size  arises  from  the  two  last  intercostal  veins,  and  from 
those  of  the  abdominal  muscles,  and  rising  to  the  vena  azygos,  unites 
with  it  about  the  last  rib:  and  sometimes  branches  come  from  the 
straight  lumbar  veins,  and  from  the  inferior  di^iphragmatic  vein.  But 
the  variety  exhibited  by  this  vein  while  it  is  forming  its  trunk, — the 
variety  both  in  course  and  anastomoses, — ^is  so  very  great,  that  it  is  not 
in  our  power  to  dweU  upon  all  the  particulars  thereof.  We  must  add 
to  the  foregoing,  that  this  vein  receives  no  blood  from  the  three  supe- 
rior ribs,  but  for  the  first  time  from  branches  between  the  third  ai^ 
fourth  ribs.  It  b  well  worthy  of  observation,  that  the  intercostal  nerve 
puts  forth  a  trunk  in  the  neck  from  both  its  inferior  gangUonic  plexuses, 
which  trunk  dirides  on  each  side  into  branches,  about  the  fourth  or 
fifth  dorsal  vertebra ;  and  these  branches  afterwards  again  unite  into 
one.  They  send  out  cords  or  fibres  on  each  side,  which  in  divers  ways 
go  to,  cross  over,  and  embrace,  all  the  branches  of  the  vena  azygos, 
as  well  as  in  various  places  the  trunk  of  that  vein ;  and  higher  up,  the 
vena  cava ;  and  creep  over  the  branches  with  erratic  windings  and  ivy- 
like  tendrils ;  and  after  having  thoroughly  mingled,  by  minute  twigs  or 
fibrilke,  partly  with  the  same  intercostal  veins,  partly  with  the  dorsal 
nerves,  they  perforate  the  diaphragm,  and  descending  through  the  ab- 
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motions ;  has  tied  it  down  by  the  muscular  ends  of  the  dia- 
phragm; has  connected  its  upper  part  to  the  bronchia^  to  receive 
and  learn  firom  their  mouth  its  proper  momenta  and  degrees  of 
action;  has  introduced  into  it  all  its  intercostal  veins,  and  gar- 
nished them  and  it  with  Uttle  nerves  and  nervous  fibres,  creep- 
ing in  ivy-like  intertwinement  around  their  coats ;  has  begirt  its 
entrance  or  valve  with  a  particular  nerve;  and  has  inserted  its 
orifice  into  the  superior  vena  cava^  and  thus  oonsodated  its 
blood  with  the  blood  coming  down  from  the  cerebrum,  cerebel- 
lum, medulla  obbngata,  and  medulla  spinalis: — ^namely,  in 
order  tiiat  by  way  of  the  blood  also,  the  pleura  may  maintain 
the  harmony  between  the  motions  of  the  brains  [and  of  the 
lungs]  {c). 

426.  VI.  The  pleura  not  only  moistens,  fills,  and  distends 
its  membranous  web,  and  particularly  the  follicular  down  turned 
to,  and  implicated  with,  the  external  parietes,  with  the  blood 
contained  in  its  sheet  of  capillary  ramifications;  but  it  also 
moistens,  fiUs^  and  distends  the  follicles  of  this  down,  or  the 
cells  of  the  cellular  tissue^  with  the  dew  and  rain  expressed 

domen  as  far  as  the  sacrum,  put  forth  various  twigs  to  the  viscera,  as 
well  as  to  other  nerves,  and  ultimately  to  the  crural  nerves ;  and  thas 
commix,  by  their  fibrilke,  with  nearly  all  the  nerves  proceeding  from  the 
dorsal  spine. 

(c)  Nothing  can  be  more  evident  fi^m  the  above  description,  than 
that  the  vena  azygos  is  the  common  receptacle  of  the  whole  of  the  blood 
that  is  contained  within  the  boundaries  of  the  respiratory  field ;  and 
that  this  field  at  one  time  extends  far  below  the  thoracic  r^ion,  to  wit, 
to  the  kidneys^  the  testtdes,  and  the  uterus ;  and  particularly  wkhin  the 
spinal  theca  itself,  since  the  vena  azygos  draws  its  blood  primarily  itom 
the  vertebral  sinuses :  at  another  time  that  it  contracts  its  boundaries,  and 
narrows  itself.  The  innumerable  anastomoses  of  the  vena  azygos  with 
even  the  more  remote  veins,  are  so  many  plain  attestations  of  this  fiict : 
as  also  are  the  iat^costal  nerves^  which  after  saluting  the  vena  azygos, 
and  the  whole  tribe  of  its  veins,  with  such  repeated  and  joyous  kisses, 
commix  with  nearly  all  the  nerves  proceeding  firom  the  dwsal  spine ; 
according  to  the  observation  of  Landsi.  (Dinert.  de  Vend  tme  pari,) 
Whoever  will  use  his  privil^es  as  a  rational  interpreter,  may  infer  the 
rest  firom  the  particulars  of  our  description.  See  the  Economy  of  the 
Animal  Kingdom,  loc.  dt. 
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firom  the  little  arteries  (rf) :  and  this,  for  the  foflowing  reasons ; 

1.  That  in  pursuance  of  its  office,  it  may  constantly  maintabi  a 
state  of  elasticity,  or  power  of  reaction,  suited  to  the  minutest 
differences  between  the  motions  of  the  chest  and  the  motions  of 
the  lungs,  by  the  impletion  of  its  pores,  and  thus  by  a  corre- 
sponding state  of  tension  or  relaxation  of  its  own  substance  (e). 

2.  That  it  may  correct,  with  a  kind  of  purificatory  sifting,  the 
blood  destined  to  excite  the  muscles  ministering  to  respiratory 
life,  and  prevent  anything  on  the  part  of  the  blood  from  out- 
raging or  interrupting  those  eminently  vital  actions  (/).  3. 
That  it  may  also  perform  the  office  of  a  Colatory  of  tiie  blood, 
in  anticipation. of  the  lungs,  and  excuss,  wash  away,  and  take 
off  as  with  a  rough  file,  the  impurities  of  the  serum  of  the 
blood,  before  it  goes  up  into  the  veins,  and  enters  the  pulmo- 

(d)  It  is  evident  from  the  loxoriant  vascular  ramifications  supply- 
ing the  pleura,  that  that  membrane  is  constantly  half  filled  with  a  par- 
ticular humor  circulating  through  its  cellular  tissue:  for  wherever 
arteries  are  present  split  into  minute  twigs,  there  secretion  is  going  on. 
Bespectmg  this  humor,  Winslow  says,  "The  surface  [of  the  pleura] 
which  looks  towards  the  cavities  of  the  breast,  is  continually  moistened 
by  a  lymphatic  serosity"  (n.  415). 

(e)  The  capillary  circumramification  of  the  blood  only  renders  the 
parietes  of  the  ceUs,  and  the  internal  membrane,  tense  and  rigid ;  but 
by  no  means  reduces  the  cells  themselves  to  the  same  state  as  the  pa- 
rietes :  hence  the  necessity  for  a  lymph  that  will  distend  the  cells  also, 
that  is,  the  little  spaces  bounded  by  the  parietes,  and  reduce  them  to  a 
corresponding  state :  and  this,  in  order  that  the  pleura  may  retain  an 
ever-middle  nature  between  active  and  passive,  and  thus  be  enabled  to 
serve  properly  as  a  common  bond.  That  such  is  the  effect  of  this 
lymph,  is  declared  by  Winslow.  *'  The  connexion  of  the  pleura  with  the 
ribs,"  says  he,  "keeps  it  stretched:  ...  it  also  renders  it  extremely 
sensitive  to  the  least  separation  caused  by  coagulated  lymph  or  accumu- 
lated blood"  (n.  415). 

(/)  This  is  a  consequence  of  the  mere  act  of  the  secretion  of 
serum  by  the  exceedingly  minute  arteries  with  which  the  pleura 
abounds ;  for  the  arteries  throw  off  a  large  quantity  of  especially  the 
more  worthless  serum,  and  in  this  manner  correct  the  mass  of  the 
blood.  This  cannot  fidl  to  be  important  and  usefrd  to  the  muscles  of 
the  thorax  more  immediately  adhering  [to  the  pleura],  I  mean,  to  the 
intercostal  and  sternal,  or  genuine  respiratory  muscles. 
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nary  arteiy  through  the  gate  of  the  right  side  of  the  heart  {g) ; 
by  this  arrangement  and  adaptation,  the  pleura  serves,  and  pro- 
vides for,  the  muscles  and  the  lungs,  at  the  same  time  that  it 
serves,  and  provides  for,  itself;  and  thereby  fulfils  three  ends  at 
once.  Hence  the  great  frequency  of  anastomosis  between  its 
intercostal  vessels,  and  the  mammary,  phrenic,  and  mediastinal 
vessels;  and  in  fine,  between  them  and  all  the  vessels  both 
above  and  below  its  expanse  (A) :  and  hence  again  the  corre- 
spondency between  its  secretion  from  the  arteries,  and  the  mo- 
menta and  degrees  of  intensity  in  the  actions  of  the  internal 
and  external  domains  of  the  thorax. 

427.  VII.  To  prevent  these  clouds  exhaled  by  its  arteries 
firom  hanging  in  thick  beads  upon  its  follicles  and  trabecular 
bands,  the  pleura  immediately  discusses  and  eliminates  them 
through  various  paths  commencing  firom  its  primitive  threads ; 
in  a  word,  agreeably  to  the  ordinary  and  national  custom  of  the 
kingdom,  the  pleura  presents  a  part  to  the  veins,  to  be  reab- 
sorbed ;  and  another  part,  with  a  similar  view,  to  the  lympha- 
tics ;  to  the  former,  in  order  that  they  may  export  their  portion 
into  the  vena  azygos,  and  into  the  superior  and  inferior  venae 
cavse ;  to  the  latter,  in  order  that  they  may  export  their  portion 
into  the  receptaculum  chyli,  and  so  through  the  thoracic  duct 
into  the  subclavian  vein,  and  likewise  into  the  superior  vena 
cava,  and  into  the  common  bed  of  the  heart,  firom  whence  it 
may  be  carried  off  direct  into  the  intimate  recesses  of  the 
lungs  (i).     But  the  portion  disliked  and  rejected  by  the  veins 

(g)  This  conclusion  is  deduced  fi*om  the  premises  by  the  same 
process  of  inference  as  the  foregoing. 

(A)  Respecting  the  frequency  of  the  anastomoses,  see  above,  n. 
425  (y).  By  the  mammary  arteries  the  pleura  is  enabled  to  summon 
the  blood  from  the  region  above  it ;  by  the  phrenic  arteries,  from  the 
re^on  below  it.  Its  power  in  this  respect  is  multiplied  by  the  anasto- 
moses of  the  intercostal  with  the  mediastinal  vessels,  which  spring  from 
the  aorta  or  subclavian  artery,  and  communicate  with  the  mammary, 
phrenic,  and  oesophageal  arteries.  Thus  any  and  everything  proper  to 
a  particular  member  or  region  in  the  great  society  of  the  body,  is  also 
common  when  use  and  requirement  dictate  and  demand  it. 

(t)  Respecting  the  derivation  of  the  venous  blood  into  the  vena 
azygos,  and  from  the  vena  azygos  into  the  superior  vena  cava,   see 
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and  lymphatics^  the  pleura  expels  through  porous  channels  be- 
tween the  muscular  fibres,  all  the  way  to  the  adipose  membrane, 
and  firom  it,  to  the  external  skin  (Ar) :  doubtless  in  order  that 

aboTe»  note  (b).  Heister  states  that  this  derivation  also  takes  place 
into  the  inferior  yena  esTa.  '^  [The  pleura  has]  yeinsy"  says  he,  '^ ...  all 
of  which  terminate  in  the  trunk  of  the  Tena  azygos,  and  of  the  supe- 
rior^ yena  cava"  (n.  411)  ;  and  the  fact  is  still  more  evidently  shewn 
in  angiological  tables.  According  to  the  same  Author,  the  pleura  has 
*' lymphatics,  which  run  to  the  thoracic  duct."  (Ibid.)  The  conse- 
quence is,  that  this  venous  blood  meets  the  lymph  of  the  thoracic  duct 
in  the  right  auricle  and  ventricle  of  the  heart ;  and  that  the  lungs  then 
carry  it  off,  agreeably  to  the  proposition  laid  down  in  the  Chapter  on 
the  Lungs. 

(k)  The  cellular  porosities  of  this  membrane  run  continuously 
athwart  the  muscular  fibres,  all  the  way  to  the  adipose  covering,  ac- 
cording to  the  following  firom  Winslow :  "  The  cellular  portion  of  the 
pleura,**  says  he,  "...  even  penetrates  the  muscles,  and  communicates 
with  the  cellular  substance  in  their  interstices,  all  the  way  to  the  exter- 
nal adipose  membrane  on  the  convex  side  of  the  thorax**  (n.  415).  We 
may  conclude  firom  the  analogous  office  of  the  omentum,  (see  n.  258, 
€eqq.,)  that  the  blood  deposits  its  bodily  part,  or  at  least  the  exuberant 
and  superfluous  portion  thereof,  in  the  cells  of  this  adipose  tissue ;  and 
when  we  come  to  treat  of  the  latter  anatomically,  it  will  be  seen  that 
there  is  a  continuous  passage  through  it,  and  especially  through  the 
cellular  tissue  of  the  muscles,  with  which  that  of  the  pleura  communi- 
cates, all  the  way  to  the  skin;  consequently  to  the  cuticular  sudoriferous 
pores :  shewing  that  the  serosity  fiom  the  muscular  substance,  as  well 
as  fiom  the  pleura  and  peritonaeum,  equally  as  firom  the  skin  itself,  is 
thrown  out  by  this  porous  channel ;  but  only  when  its  passages  are 
open.    And  the  same  fact  is  proved  by  the  phenomena  of  exudation 

*  Swedenborg  would  appear  to  have  cited  this  passage  in  proof  of  a  point  the 
opposite  to  that  which  it  goes  directly  to  establish.  Heister's  words  are,  ''Yens 
[pleurse]  .  .  .  quie  ...  in  venae  azygos,  at  et  cavs  tnrncum  superiorem  omnes 
exonerantnr.''  fCmy.  Anai.f  n.  255.)  NerertheleBs,  Swedenborg's  assertion  tiiat 
^be  pleura  sends  back  its  blood  into  both  Tene  cavs,  is  corroborated  by  Winslow, 
who  states  that  the  **  phrenic  Tessels  .  .  .  give  [it]  some  branches/'  and  tiiat  the 
same  phrenic  vessels  supply  the  inferior  branches  to  the  mediastinum  (n.  415, 
above) ;  and  according  to  Heister,  the  inferior  phrenic  veins  run  into  the  inferior 
vena  cava.  (Comp.  Anai,,  n.  296.)  Hence  the  probable  transmission  of  the  venous 
blood  of  the  pleura,  if  not  directly,  at  least  by  anastomosis,  into  the  hitter  vein. — 
CTr.J 
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the  residual  pure  part  of  the  portion  so  expelled^  may  be  stored 
away  in  the  cells  of  the  fat  for  fiiture  nse^  as  is  the  case  in  the 
cells  of  the  omentum ;  and  that  the  impure  part  may  be  thrown 
out  through  pervious  passages  and  pores  by  the  skin^  in  the 
form  of  effluvial  vapor  or  sweat.  But  should  this  path  be  ob- 
structed^ or  contracted  by  external  cold^  then  the  above  vapor 
or  sweat  is  sent  gyrating  to  the  circumferences  through  a  conti- 
nual network^  whithersoever  its  uninterrupted  and  permeable 
cellular  tissue  leads  it ;  consequently^  to  the  two  goals  of  the 
mediastinum^  where  the  centres  of  its  circumferences  meet  to- 
gether; and  thus  as  it  were  from  a  stormy  lake  to  a  secure 
haven^  where  the  ligaments^  like  docks, — ^themselves  surrounded 
with  an  unending  cellular  tissue, — take  it  up,  and  pass  with  it  to 
the  external  surface  of  the  lungs,  under  which  a  similar  tissue 
goes  its  rounds  (/).    Afterwards,  this  humor  is  expelled  into  the 

and  perspiration;  respecting  which  we  refer  the  reader  to  medico- 
anatomical  and  physical  records. 

(I)  The  continnity  of  the  cellular  tissue  of  the  membranes,  affords 
the  clearest  evidence  of  the  continual  circulation  of  liquids  through 
them :  for  wherever  this  tissue  prevails,  wherever  it  is  permeable  from 
cell  to  cell,  (as  in  the  peritonaeum,  all  the  viscera  thereof,  in  the  lungs, 
&c.,)  nothing  can  be  more  reasonable  than  the  inference,  that  it  frir- 
nishes  a  channel  for  some  kind  of  humor ;  and  the  more  especiaUy 
when  it  is  known,  that  the  membrane  in  question  is  supplied  by  num- 
berless arteries,  as  well  as  agitated  by  an  alternate  motion  of  constriction 
and  expansion ;  for  were  even  the  least  portion  of  humor  shut  fast  in 
any  one  of  the  cells,  some  tumor,  morbid  varix,  or  preternatural  cor- 
puscule  must  inevitably  grow  out  of  it.  The  pleura,  which  is  in  a 
manner  inflamed  with  minute  arteries,  and  covered  with  an  uninter- 
rupted cellular  tissue  on  the  side  next  the  ribs  and  muscles,  and  shaken 
perpetually  with  the  respiratory  motion,  and  thus  stretched  and  relaxed 
by  turns,  cannot  fail  every  time  to  shake  off  the  sweats  from  its  little 
arteries,  and  thereby  to  fill  its  little  follicular  passages  with  vapor. 
This  being  indubitable,  the  only  question  is,  respecting  the  path  taken 
through  this  cellular  tissue  by  the  humor  enclosed.  This  question  is 
resolved  and  settled  by  the  tissue  itself,  when  examined  with  a  view  to 
its  continuity.  Thus  it  is  declared  by  anatomists  to  be  continued  round 
the  whole  of  the  thorax,  all  the  way  to  the  beginning  or  origin  of  the 
mediastinum,  where  it  adheres  very  closely  to  the  ribs  and  sternum ;  so 
that  there  appears  to  be  scarcely  any  passage  from  the  field  of  the 
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atmosphere  by  way  of  the  lungs^  which  themselves  act  as  a 
common  evaporatory  for  the  sweats.     Thus  the  excrementitious 

pleura  into  the  cellular  interstice  of  the  mediastinum  :  were  the  case 
otherwise,  possibly  the  cavity  of  the  pericardium  might  be  inundated 
with  humor.  But  below,  dose  to  the  vertebrae,  there  runs  a  ligament, 
which  goes  all  the  way  to  the  concave  part  of  the  lungs ;  that  is  to  say, 
to  the  bronchia  and  the  great  pulmonary  vessels.  This  ligament,  from 
this  part  of  the  mediastinum,  is  continuous  on  both  sides  with  the 
pleura,  and  begirt  with  cellular  tissue,  like  the  similar  Hgaments  pro- 
ceeding from  the  diaphragm  and  peritonaeum  into  the  liver,  the  spleen, 
and  other  viscera.  Now  if  we  follow  this  path,  and  accurately  trace 
the  continuity  of  the  tissue,  we  shall  be  inevitably  conducted  by  the 
pleura,  through  the  hgament  just  mentioned,  to  the  [outermost]  surface 
of  the  lungs,  which  is  b^irt  with  a  similar  tissue.  For  nature  appears 
to  exhibit  the  same  play  here  as  in  the  other  members  already  noticed, 
and  indeed  as  in  all  the  members.  Moreover,  the  mediastinum  em- 
braces and  invests  the  last  portion  of  the  trachea  and  the  first  portion 
of  the  bronchia,  as  well  as  the  great  arteries,  and  particularly  the  pul- 
monary artery,  with  a  similar  lanuginous  or  downy  tissue ;  wherefore, 
if  we  follow  the  stream  here  also,  a  similar  path  will  be  found  to  con- 
duct us  again  towards  the  surface  of  the  lungs,  from  which  there  is  an 
uninterrupted  permeabiHty,  through  similar  cells,  to  the  intimate  sub- 
stances of  the  lungs,  as  we  shewed  before;  but  as  it  appears,  by 
the  mediastinum  and  the  pericardium.  See  the  next  Chapter,  on 
the  Thymus  Gland.  The  cellular  tissue  itself,  as  well  as  the  skin  and 
the  lungs,  as  being  the  evaporatories  of  the  sweats,  appear  to  furnish  a 
declaration,  that  the  humor  of  the  pleura  is  either  thrown  outwards 
towards  the  skin  in  the  form  of  sweat,  or  when  the  ways  leading  thither 
are  dosed,  is  carried  inwards,  that  is,  towards  the  lungs.  But  let  us 
hear  Window  on  the  subject  of  this  tissue,  and  its  continuity.  "  The 
two  laminae,"  says  he,  ''  of  which  it  [the  mediastinum]  is  made  up, 
are  dosdy  united  together  at  the  sternum  and  vertebrae.  .  .  .  The  cellu- 
lar portion  of  the  pleura  connects  the  membranous  portion  to  the  ster- 
num, ribs,  and  musdes ;  to  the  diaphragm,  pericardium,  thymus  gland, 
and  vessels ;  and  in  fine  to  whatever  lies  near  the  convex  side  of  the 
membranous  portion  (n.  415).  The  trunks  of  the  aorta  and  pulmonary 
artery  have  one  common  coat  which  contains  them  both  as  in  a  sheath, 
and  is  lined  on  the  inside  by  a  cellular  tissue  that  is  chiefly  accumulated 
in  the  spaces  where  the  trunks,  and  the  sides  of  the  sheath,  come  into 
mutual  apposition  and  contiguity."  &c.  (n.  417).  These  two  spots, — 
namely,  1,  where  the  dorsal  ligament  is  continued  from  the  pleura  to 
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vapor  of  the  pleura  that  is  not  imbibed  by  the  veins  and  lymph- 
atics, is  condemned  to  banishment,  and  cast  out  through  either 
the  cuticular  or  the  pulmonary  sudatory ;  and  in  truth  by  one 
or  the  other  way,  or  by  both  at  once,  according  to  the  state  in- 
duced upon  the  blood,  the  tunics,  the  muscles,  the  lungs,  the 
channels,  and  the  pores,  by  the  temperature  of  the  air,  the  mo- 
tion of  the  body,  the  storms  of  the  animal  mind,  the  heat  of 
the  wiU,  the  assault  of  disease,  the  decline  of  life,  or  the  natural 
constitution.  Hence  the  thoracic  region  throws  and  circum- 
agitates  its  pleuritic  humors  hither  and  thither,  imcertain  of 
their  course,  through  the  shallows  and  meanders  of  this  tunic, 
variously  according  to  every  fluctuation  of  the  desires  of  the 
rational  mind,  of  the  lusts  of  the  animal  mind,  and  of  the 
pleasures  of  the  body ;  and  the  humors,  therefore,  not  imfre- 
quently  stagnating,  become  compacted  into  glandiform  tumors, 
which  must  be  termed  preternatural  in  natural  life,  and  natural 
in  preternatural  life,  such  as  human  life  generally  is  at  this 
day  (m). 

the  lungs ;  and,  2,  from  the  mediastinum, — are  in  the  very  centre  of 
the  circumferences,  consequently  in  the  centre  of  the  motions,  and  con- 
stitute the  axes ;  and  therefore,  according  to  the  law  universally  ob- 
served in  this  kingdom,  the  humor  is  determined  thitherwards,  and  so 
to  the  surface  of  the  lungs,  the  whole  circuit  of  which  may  be  said  to  be 
a  central  periphery  relatively  to  the  pleura  and  the  mediastinum,  of 
which  indeed  it  is  formed. 

(m)  It  has  been  a  question  among  anatomists,  whether  or  not  the 
pleura,  pericardium  and  peritoneeum  are  beset  with  glands ;  and  whe- 
ther these  are  the  springs  of  their  humors.  We  shall  discuss  the 
subject  of  glands  in  the  pericardium,  in  the  Chapter  on  the  Thymus 
Gland.  With  respect  to  the  pleura,  it  is  agreed  on  all  hands,  that 
multitudes  of  glands  have  been  found  and  seen  in  It,  when  in  a  diseased 
state.  "  Some  writers,"  says  Heister,  "attribute  glands  to  the  pleura, 
but  without  good  reason.  ...  All  observations  to  this  effect  have  been 
made  upon  diseased  subjects,  and  derived  from  morbid  conditions ;  but 
glands  have  never  been  shewn  in  the  pleura,  so  far  as  my  knowledge 
extends,  in  healthy  bodies.  Hence  I  am  induced  to  think,  that  the 
corpuscules  taken  for  glands,  are  nothing  more  than  tubercles,  the 
products  of  disease,  which  have  owed  their  origin  to  the  stoppage  of 
earthy  or  viscid  matter  in  the  delicate  little  arteries  of  these  mem* 
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428.  If  we  trace  the  cellular  tissue  of  either  pleura, — ^the 
tissue  permeable  by  the  lymphs, — ^we  are  conducted  not  only  to 
the  middle  junction  and  partition  of  the  two,  that  is  to  say,  to 
the  mediastinum,  but  also  firom  one  pleura  to  the  other,  and  so 
round  the  chest,  in  an  everlasting  circle  (n) :  for  the  same  cel- 

branes'*  (n.  411).  This  opinion  may  be  reasonably  concluded  to  be 
near  the  truth,  from  the  fact  that  the  arteries,  divided  into  the  mi- 
nutest capillaries,  and  besetting  the  parietes  of  the  cells  of  this  tissue, 
can  secrete  their  humOTS  equally  as  well  as  if  they  were  split  into  similar 
threads  in  glands ;  so  that  the  presence  of  glands  would  be  of  no  use 
in  this  instance.  But  as  none  of  the  coverings  of  the  body  are  subject 
to  so  many  irregularities  and  uncertain  vibrations  as  the  general  cover- 
ings of  the  pleura  and  peritonseum,  it  is  no  wonder,  if  in  the  decline 
of  life,  a  number  of  glandular  excrescences  spring  up,  furnishing  the 
means  by  which  nature  endeavors  to  amend  and  repair  her  losses.  In 
this  view  it  seems  impossible  to  deny  that  the  like  reparatories  may 
exist  in  some  even  apparently  healthy  subjects  :  so  that  in  this  manner 
the  opinions  of  those  who  deny  and  those  who  affirm  the  existence  of 
these  glands,  are  reconcilable.     See  below,  n.  438  (x), 

(n)  We  aU  know  that  the  two  pleuree,  which  come  together  in  the 
mediastinum,  and  divide  the  cavity  of  the  thorax  into  two  chambers, 
are  perfectly  distinct  from  each  other.  Thus  if  we  trace  one  of  the 
pleuree  through  the  circle  that  it  describes,  we  are  led  to  the  medias- 
tinum, from  which  we  return  around  the  pericardium  to  the  pleura  of 
the  same  side.  Nor  is  the  coalition  of  the  pleurae  in  the  mediastinum 
of  such  a  character,  that  the  one  pleura  passes  absolutely  into  the 
other,  or  that  the  two  mutually  interweave  and  fold  together ;  but  each 
follows  its  own  gyre.  They  are  merely  conjoined  in  the  mediastinum 
by  fine  cellular  tissue ;  but  in  other  respects  are  perfectly  distinct.  It 
might  naturally  have  been  supposed,  that  through  the  cellular  inter- 
stice between  the  two  laminae  of  the  mediastinum,  there  would  be  a 
passage  from  each  pleura  to  that  of  the  opposite  side  :  but  according  to 
anatomical  experience,  the  two  pleurae,  at  the  entrance  to  the  medias- 
timun,  appear  to  be  so  firmly  agglutinated  to  the  sternum,  vertebrce 
and  ribs,  that  there  seems  to  be  no  room  for  such  communication. 
This  is  a  point,  however,  requiring  additional  investigation  ;  for  the  ex- 
istence of  a  cellular  interstice  between  the  two  laminae  of  the  medias- 
tinum, is  declared  by  Winslow  in  the  following  words.  "  The  thorax  is 
divided  into  two  cavities,  entirely  separated  from  each  other  by  a  mid- 
dle septum.  ...  It  [the  cellular  tissue]  .  .  .  insinuates  itself  between 
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lular  and  permeable  tissue  prevails  without  a  break  upon  the 
muscular  plane  of  the  diaphragm^  and  unites  the  clothing  of 
one  side  to  the  clothing  of  the  other ;  and  thus  affords  a  pas- 
sage between  them^  and  equalizes  their  fluids ;  whence  the  com- 
munication is  maintained^  if  not  bj  waj  of  the  middle  septum^ 
at  any  rate  bj  way  of  the  transverse  septum  (o).  This  same 
general  interpartition  affords  a  passage  to  the  inferior  region^ 
and  bridges  the  gulf  from  the  circumference  of  the  thorax^  that 
is,  from  the  pleura,  to  the  circumference  of  the  abdomen,  that 
is,  to  the  peritonaeum.  The  diaphragm  is  clothed  by  these 
membranes  on  both  its  surfaces,  and  is  permeable  between  the 
two  by  passages  that  creep  from  cell  to  cell.  Hence  when  the 
permeating  humor  comes  to  the  goal  of  the  one  membrane,  it 
has  also  come  to  the  starting-place  of  the  other,  and  so  again 
into  a  field  where  it  can  commence  a  new  career  {p).    Thus, 

the  laminae  of  the  daplicature  of  which  the  mediastinam  is  formed" 
(n.  415). 

(o)  It  being  doubtful  whether  the  two  pleurae  communicate  with 
each  other  through  the  mediastinum,  let  us  pass  on  to  more  certain 
matters,  and  follow  the  thread  through  paths  that  are  laid  down  to 
sight.  The  same  cellular  tissue  prevails  over  the  whole  of  the  dia- 
phragm, between  the  pleura  which  lines  it  superiorly,  and  its  muscular 
or  proper  plane :  this  tissue  reaches  from  one  side  to  the  other,  and 
thus  unites  the  two  pleurae.  We  may  infer  the  transmeability  of  the 
humors,  from  the  extension  and  continuity  of  the  porous  cellular  tissue 
through  this  plane.  But  this  will  be  fiirther  e?idenced  in  the  Chapter 
on  the  Diaphragm. 

(p)  Respecting  the  circulation  of  the  humors  around  the  perito- 
naeum, see  above,  n.  325 ;  and  respecting  their  place  of  discharge 
after  birth,  see  the  Chapter  on  the  Kidneys.  The  only  question  here 
is,  whether  any  humor  can  be  transferred  from  the  field  of  the  pleura 
into  the  lower  field  of  the  peritonaeum.  This  point  might  possibly  be 
ascertained  by  means  of  injections  thrown  into  the  tissue  of  the  pleura 
near  the  diaphragm,  or  in  the  diaphragm ;  but  as  no  experiment  of  the 
kind,  so  far  as  I  am  aware,  has  been  yet  attempted,  let  us  in  the  mean 
time  simply  follow  the  course  of  the  cellular  tissue ;  and  as  it  exists 
both  above  and  below  the  diaphragm,  and  the  muscular  plane  separates 
it  in  these  respective  cases,  we  may  hence  consider,  as  I  think  without 
fear  of  error,  that  when  use  and  necessity  require  it,  this  plane  may  be 
easily  penetrated.     For  in  all  other  parts  of  the  body,  where  a  similar 

s2 
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according  to  the  usual  form  of  law,  whatever  is  assigned  to  one 
thing  as  proper  thereto,  is  also  assigned  to  all,  as  common  to 
all ;  and  use,  necessity,  and  the  rule  of  equation,  regulate  the 
supply,  and  dictate  the  channel  through  which  it  is  to  come. 
For  the  community  lives  from  the  property  of  all,  whether  that 
community  be  the  blood,  or  the  humor,  or  the  spirit  of  the 
blood;  or  whether  it  be  motion,  or  force  or  power  of  acting,  or 
anything  else  whatever :  such  is  the  constitution  given  to  all 
the  structures,  such  the  spirit  with  which  they  are  all  inspired, 
by  the  supreme  mind  of  the  body, — ^by  that  mind  which  is  the 
common  life  of  all  things  that  belong  to  the  body.  For  this 
reason,  these  two  involucra,  the  peritonaeum  and  the  pleura,  are 
very  similar  in  function,  structure,  and  nature  (g),  and  are  ren- 

tissue  lies  under  a  membrane,  a  muscular  plane  of  some  kind  inter- 
venes, and  is  perforated  by  the  continuous  threads  of  the  tissue ;  as  we 
know  to  be  the  ease  in  the  intestines,  the  stomach,  the  pericardium, 
and  the  pleura  and  peritonaeum  themselves ;  the  humor  of  the  cellular 
tissue  of  which  parts,  makes  its  way  around  the  moving  fibres.  In 
fact,  the  moving  fibres  are  always  disposed  in  such  a  manner,  as  to  give 
a  free  passage  at  intervals.  The  same  thing  seems  to  obtain  in  the 
diaphragm,  where,  if  we  may  judge  from  what  happens  in  other  parts, 
the  muscular  fibres  rather  promote  than  impede  the  passage.  But  as 
no  humor  ever  crosses  without  invitation,  into  the  region  of  another 
humor,  it  follows,  that  it  is  carried  aU  the  way  thither  by  a  common 
path,  and  that  something  analogous  to  an  attractive  or  invitative  force 
takes  it  away :  according  to  the  law  that  prevails  everywhere  throughout 
the  sanguineous  sjrstem,  where  there  is  a  kind  of  general  conjunction 
by  anastomosis  of  all  the  vessels,  both  in  the  thorax  and  in  the  ab- 
domen ;  and  nevertheless  no  more  blood  flows  through  any  one  of  the 
anastomoses  into  a  second  branch,  than  is  proportioned  to  the  necessity, 
want  and  use  of  the  member  to  which  such  branch  is  peculiarly  dis- 
tributed. The  same  remark  applies  to  the  rest  of  the  humors,  so  that 
although  there  may  be  permeability,  yet  no  more  humor  is  detruded  by 
the  pleura  and  diaphragm  to  the  peritonaeum,  than  the  law  of  use  and 
necessity  requires. 

(q)  In  the  Chapter  on  the  Peritonaeum,  I  was  less  desirous  to  lay 
down  the  proper  uses  of  that  membrane,  than  to  dwell  upon  its  advan- 
tages and  benefits  as  a  common  bond.  Now  since  the  pleura  is  the 
same  sort  of  bond  to  the  chest,  that  the  peritonaeum  is  to  the  abdomen, 
therefore  the  generals  that  were  stated  in  the  Chapter  on  the  Perito- 
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dered  continuous  with  each  other  by  the  intermediate  septum ; 
and  for  the  same  reason  that  septum  has  the  renal  capsules  con- 
nected to  it  underneath^  which  in  embryonic  life  carried  on  the 
circulation  of  the  chyloid  serum  through  the  cellular  coats  of 
the  peritonaeum  and  pleura^  precisely  as  the  heart  carries  on  the 
circulation  of  the  blood ;  and  during  every  round  of  the  circle, 
sent  back  the  nutritious  humors  of  both  these  membranes  into 
the  gyre  of  the  blood  (r). 

nseum^  may  not  improperly  be  transferred  to  the  pleura ;  and  on  the 
other  handy  the  particulars  that  are  here  accumulated  respecting  the 
pleura,  may  with  equal  justice  be  transferred  to  the  peritonaeum.  For 
the  one  does  in  the  abdomen  exactly  what  the  other  does  in  the  thorax: 
and  the  construction^  intimate  constitution,  operation  and  nature  of 
both,  are  also  similar.  The  cellular  tissue  of  the  peritonaeum,  hke 
that  of  the  pleura,  and  in  the  same  manner  as  it,  penetrates  the  mus- 
cles, communicates  with  the  cellular  tissue  in  their  interstices,  is  moist- 
ened with  a  perpetual  serosity,  and  pierced  by  foramina :  see  Winslow, 
n.  415. 

(r)  I  endeavored  to  shew  in  Part  I.,  Chapter  XIII.,  in  treating  of 
the  Succenturiate  Kidneys  or  renal  capsules,  that  before  the  other  mem- 
bers of  the  abdomen  were  initiated  into  their  offices,  those  capsules 
administered  a  kind  of  sovereignty  (n.  274)  ;  and  that  they  maintained 
the  drcnlation  of  the  [serous]  chyle,  through  the  cellular  tissue  of  the 
peritonaeum,  and  copulated  this  highly  nutrient  and  spirituous  fluid,  to 
the  blood,  and  remitted  the  product  into  the  sanguineous  circulation 
(n.  275).  But  unsupported  as  I  then  would  have  been  by  facts,  I  did 
not  venture  to  assert,  that  these  capsules  also  absorbed  the  correspond- 
ing serum  circulating  through  the  pleura,  and  sent  it  forth  in  a  circle 
through  the  peritonaeum.  But  since  it  is  now  erident,  that  the  lymph 
also  of  the  pleura,  during  this  primitive  and  innocent  age,  might  have 
passed  through  the  cellular  tissue  of  the  diaphragm,  from  the  one 
membrane  to  the  other,  athwart  the  intermediate  muscular  fibres,  (as 
will  be  further  proved  in  the  Chapter  on  the  Diaphragm,)  and  thus 
present  itself  before  the  threshold  of  these  capsules, — hence  we  may 
extend  their  office  a  little  more  widely  than  heretofore,  claiming  for 
them  an  additional  power  over  all  the  humors  that  are  transfluent 
through  the  porous  tissue  of  both  the  common  involucra.  This  is  the 
reason  why  the  suprarenal  glands  are  so  closely  connected  to  the  dia- 
phragm, that  they  appear  to  be  in  a  manner  sewed  into  the  tissue  on 
its  lower  side :  for  according  to  Eustachius,  "  This  gland  is  so  con- 
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429.  While  we  were  embryos,  and  scarcely  even  mannikins, 
wrapped  round  with  a  multiple  series  of  swathings,  namely, 
the  amnion,  the  chorion,  and  the  womb,  and  the  door  of  our 
dwelling  was  closed  and  guarded, — it  was  a  matter  of  anxious 
solicitude  to  prevent  the  muscular  chest  from  raising  the  ribs, 
or  opening  a  space  in  which  the  tender  and  imperfect  lungs 
could  begin  to  expand  {s) ;  and  thereby  snatch  the  cardiac 
blood,  and  break  through  the  bonds  of  the  prison-house,  before 
the  appointed  hour.  The  lungs,  I  say,  at  this  time,  lying  in 
gathers  and  wrinkles,  with  their  powers  folded  up,  reclined  close 
to  their  chieftain  and  ruler,  the  heart,  and  pressing  him  to  their 
embrace,  saluted  him  with  one  long  and  uninterrupted  kiss  (t). 

nected  to  the  external  membrane  of  the  kidneys,  which  is  continuous 
with  the  peritonaeum  of  the  transverse  septum,  that  without  great  care 
be  used  when  the  kidneys  are  taken  out,  one  is  apt  to  overlook  it 
altogether,  on  account  of  its  close  adhesion  to  the  transverse  septum'' 
(n.  270). 

(9)  According  to  the  arguments  brought  forward  in  the  Chapter  on 
the  Lungs,  the  mere  expansion  of  the  cavity  of  the  thorax  by  external 
forces,  that  is  to  say,  by  the  muscles,  gives  the  lungs  the  opportunity 
and  power  of  respiring.  There  were  very  many  means  by  which  respi- 
ration was  prevented  from  taking  place  during  uterine  life  ;  that  is  to 
say,  not  only  was  there  no  will  present,  and  not  only  were  aU  those 
faculties  and  powers  that  could  command  the  external  muscles,  kept 
under  absolute  restraint ;  but  the  incurvation  of  the  chest,  and  a  num- 
ber of  other  circumstances,  took  away  all  chance  of  elevation  and 
expansion ;  and  for  this  sole  reason,  that  nature  or  the  soul  should 
have  the  undisputed  sovereignty  of  her  kingdom.  For  as  soon  as  ever 
the  lungs  open  the  scene  of  life,  all  things  proceed  in  contrary  order, 
namely,  a  posteriori  ad  priora  ;  but  so  long  as  nature  rules,  all  things 
proceed  a  priori  ad  poeteriora,  in  fine,  by  the  synthetic  way  and 
method :  which  is  the  way  of  superior  beings,  and  therefore  the  way 
of  the  soul  in  its  influx  into  the  body,  (see  the  Prologue,  n.  10)  ;  but 
the  synthetic  way  is  afterwards  converted  into  the  analytic  (See  ibid,, 
n.  12). 

(t)  This  follows  from  what  has  already  been  laid  down  in  these 
analyses.  For  so  long  as  the  pulmonary  artery  was  not  expanded,  it  re- 
clined close  to  the  base  of  the  heart ;  but  the  artery  swells  up  by  reple- 
tion with  blood,  and  thereby  both  it  and  its  branches  expand  in  length 
as  well  as  breadth ;  so  that  the  lungs  are  removed  and  as  it  were  drawn 
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The  heart,  acting  under  the  auspices  of  nature,  performed,  not 
fitful,  but  uniform  rhythmical  alternations,  for  it  transmitted  all 
the  blood  of  its  body  through  the  foramen  ovale  to  the  hemi- 
spheres of  the  cerebrum,  and  after  being  all  lustrated  and  ani- 
mated there,  received  it  on  its  return,  and  remitted  and 
transfused  it  through  the  ductus  arteriosus  into  the  provinces 
of  its  body  or  kingdom.  Thus  the  heart  maintained  for  its 
blood  at  this  time  a  perennial  circle,  from  the  body  into  the 
cerebrum,  and  from  the  cerebrum  into  the  body  («),  But  when 
these  destinies  of  the  Satumian  age  were  accomplished,  and  the 
heart,  mettlesome  with  its  blood,  and  the  body,  with  its  strength, 
began  to  exhibit  motions  symptomatic  of  revolt  against  the  guid- 
ance of  nature,  and  burned  to  submit  itself  to  the  government 

away  from  the  heart ;  which  gives  each  of  these  organs  an  opportunity 
of  performing  its  movements  without  interruption  from  the  other.  And 
there  is  some  ground  to  suppose,  that  the  part  of  the  lungs  that  imme- 
diately surrounds  the  pericardium,  at  this  time  retracted  so  as  to  form  a 
sort  of  cavity,  and  thus  left  the  heart  a  freer  power  of  action. 

(u)  I  shewed  in  my  Economy  of  the  Anitnal  Kingdom,  in  the 
treatise  on  the  Heart  and  the  Blood,  n.  335 — 340,  that  a  circulation 
such  as  I  have  described  above,  existed  before  the  opening  of  the  lungs ; 
in  short,  that  at  that  time  the  blood  of  the  universal  body  passed  into 
the  brains,  and  afterwards  all  returned  towards  the  heart ;  exactly  in 
the  same  manner  as  after  this  state  is  changed,  the  blood  passes  from 
the  heart  into  the  lungs,  and  from  the  lungs  back  into  the  heart.  I 
also  gave  the  reasons  of  this  in  the  Work  alluded  to,  namely,  that 
whatever  is  formed  in  the  body  should  be  formed  under  the  auspices  of 
the  brains ;  and  that  the  fibre  should  not  be  able  to  act  against  the 
blood,  nor  the  blood  against  the  fibre ;  consequently  that  the  body 
should  not  be  able  to  do  anything  contrary  to  the  determination  of  the 
formative  power.  For  on  these  conditions  alone  could  the  whole  and 
the  parts  grow  in  perfect  harmony.  And  another  reason  is,  that  the 
brains  should  by  this  means  inaugurate  and  initiate  their  primitive  cor- 
culum  or  little  heart  into  all  the  functions  ;  lest  afterwards,  when  left 
to  itself  and  to  the  blood,  any  discord  should  arise  between  the  vessels 
and  the  fibres.  Further,  that  the  brains  should  derive  into  themselves 
in  the  first  instance,  and  carefuUy  purify,  &c.,  all  things  passing  into 
their  kingdom  from  the  mother's  store  or  the  furniture  of  the  ovum ; 
that  is  to  say,  aU  things  that  can  by  possibility  conduce  to  the  work  of 
formation. 
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of  the  circumambient  worlds  and  not  to  its  own  nature  but  to 
the  nature  of  the  universe, — ^then  it  made  a  covenant  with  the 
lungs  {x\  by  the  conditions  of  which,  the  latter  were  to  assail 
the  authority  of  the  cerebrum,  and  drive  the  indigenous  and 
tutelar  nature  from  its  throne,  and  admit,  by  their  mouth,  the 
breath  or  atmosphere  of  the  so-much-worshiped  great  world, 
and  only  leave  nature  the  power  of  expelling  it  (y).  This  said 
and  done,  the  heart  now  poured  forth  all  the  soul  or  blood  of  its 
body,  which  it  had  previously  sent  to  the  cerebrum,  agreeably 
to  the  present  covenant,  into  the  lungs;  shutting  up  two  of  its 
gates,  namely,  the  foramen  ovale  and  the  ductus  arteriosus. 
The  curtains  being  now  drawn  up,  the  inverted  scene  appears, 
and  by  means  of  the  lungs  and  the  muscles  of  the  thorax, — 
the  pleura  acting  as  security, — ^we  are  introduced  in  mask  upon 
the  theatre  of  this  visible  world  {z), 

(x)  Respecting  the  manner  in  which  this  covenant  is  ratified  be- 
tween the  heart  and  the  lungs,  see  above,  n.  423. 

(y)  It  was,  I  think,  satisfactorily  demonstrated  in  the  Chapter  on 
the  Lungs,  that  the  will  governs  inspiration,  bat  natore,  expiration ; 
the  expulsion  of  the  air  being,  therefore,  left  to  nature,  but  the  admis- 
sion thereof  to  the  good  pleasure  of  the  mind,  that  is,  to  the  will. 
See  n.  394,  400.  The  same  thing  is  apparent  from  the  rapidity  with 
which  expiration  is  performed,  as  contrasted  with  inspiration ;  the  latter 
being  much  the  slower  process. 

(z)  In  another  part  of  the  Work,  it  is  my  intention  to  institute  a 
specific  comparison  between  the  primeval  life  in  the  womb,  and  our 
sensitive  and  motive  life  after  birth :  for  it  is  evident  from  aU  the  cir- 
cumstances of  the  case,  that  before  the  lungs  are  opened,  an  intimate 
life  is  in  progress, — ^^a  life  aU  unknown  to  the  senses,  and  consequently 
to  the  rational  mind ;  and  thus  unaccompanied  with  memory  of  any  of 
the  things  that  are  done  in  this  preliminary  stage  of  existence :  but 
that  still  we  hve  a  life  of  our  own,  and  a  life  of  the  most  perfect  kind« 
After  this  initial  period  has  elapsed,  we  cannot  help  thinking  that  we 
have  nothing  belonging  to  us  but  what  our  intuitive  rationd  mind  is 
conscious  of,  and  has  derived  from  its  senses ;  or  what  it  can  recall 
from  a  fixed  seat  in  the  memory.  I  shall,  however,  shew  most  clearly 
in  another  place,  how  greatly  we  are  deceived  in  these  respects  by  the 
fallacies  of  the  senses,  and  consequently  of  the  reasoning  mind ;  I  shall 
shew  that  all  that  our  minds  know,  and  all  that  they  possess  in  a 
fixed  state  in  the  memory,  belongs  only  to  the  body,  and  will  die  with 
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the  body ;  and  that  our  veriest  Hfe  will  then  remain, — the  life,  I  mean, 
of  the  soul,  reduced  by  the  moral  perceptions  and  activities  of  our  mind 
into  that  state  in  which  it  is  to  live  for  ever.  But  these  are  matters 
requiring  deep  investigation,  and  which  cannot  be  worthily  expounded 
in  this  gross  and  general  manner,  while  we  are  walking  on  the  low 
ground  of  science,  and  treatmg  primarily  of  a  subject  like  the  pleura. 
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CHAPTER  VI. 


THE   THYMUS   GLAND. 


430.  Heister.  ''The  thymus  is  a  gland  of  considerable  size  iir 
new-born  infants,  situated  in  the  upper  part  of  the  thorax,  close  behind 
the  sternum,  and  lying  upon  the  pericardium,  and  the  trunks  of  the 
aorta  and  superior  vena  cava.  It  extends  from  the  pericardium,  along 
the  trunk  of  the  aorta,  to  the  origin  of  the  carotid  arteries,  and  in 
some  instances  I  hare  found  it  ascend  nearly  as  high  as  the  thyroid 
gland.  It  is  of  an  uncertain,  yariable,  or  irregular  figure ;  and  in  in- 
fants, of  a  pale,  fleshy  color,  but  of  a  more  dusky  hue  in  adults.  Its 
size  is  greatest  in  infancy,  when  it  is  about  three  inches  long,  two 
inches  broad,  and  an  inch  and  a  half  thick :  it  decreases  gradually 
during  childhood,  and  almost  entirely  disappears  in  adults  and  old 
persons.  It  is  of  a  glandular,  conglomerate  structure,  and  is  surrounded 
by  a  membrane.  Its  blood-vessels  come  at  one  time  from  either  the 
subclavian,  mammary,  or  mediastinal  vessels;  at  another  time,  from 
the  carotids  and  the  jugulars.  Its  lymphatics  run  sometimes  to  the 
thoracic  duct,  at  other  times  to  the  subclavian  vein,  and  generally 
speaking,  have  no  valves.  (Camp,  Anat.y  n.  256.)  J.  I.  Mayer  cites  from 
J.  de  Muralto  (Observ.  xxxii.^,  that  the  latter  saw  a  great  number  of  crys- 
talline vessels  in  the  thymus,  winding  to  the  mediastinum  and  pericar- 
dium ;  and  also  a  firm  membranous  duct,  running  from  this  gland  to 
the  tonsils.  (Ibid,,  not.  40.)  The  nerves  of  the  thymus  arise  from  the 
par  vagum  or  from  the  intercostal  nerve.  A  milky  humor  is  occasion- 
ally found  in  it  in  new-born  infants.  It  has  no  laiown  excretory  duct, 
and  hence  its  use  is  yet  uncertain.  Perhaps  it  secretes  a  lymph,  which 
it  pours  through  the  lymphatics  into  the  thoracic  duct,  for  the  dilution 
of  the  blood  and  the  chyle,  operating  in  this  respect  like  the  mesenteric 
glands  and  the  pancreas.  Hence  its  use  is  greater  in  the  foetal  state 
than  after  birth ;  because  the  foetus  does  not  perform  respiration,  which 
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is  the  grand  agent  in  attenuating  the  blood.  F.  Bellinger  is  of  opinion, 
that  in  the  womb  it  prepares  a  liquid  for  the  nutrition  of  the  foetus, 
and  sends  this  liquid  to  its  mouth  by  particular  ducts ;  but  no  one  has 
hitherto  been  able  to  find  any  ducts  of  the  kind."  (Und,,  n.  256.) 

431.  WiNSLOw.  "The  thymus  is  an  oblong  glandular  body, 
rounded  superiorly,  and  divided  inferiorly  into  two  or  three  lobes,  of 
which  the  left  is  the  longest.  This  gland  is  remarkably  large  in  the 
foetus,  of  middling  size  relatively  in  children,  and  very  small  in  old 
persons.  In  children  it  is  of  a  whitish  color,  sometimes  with  a  tinge 
of  red,  but  it  is  generally  dark  in  advanced  age.  The  principal  portion 
of  the  thymus  lies  between  the  duplicature  of  the  superior  anterior 
part  of  the  mediastinum,  and  the  great  vessels  of  the  heart ;  from 
which  it  extends  a  little  above  the  summits  of  the  two  pleurae,  so  that 
some  part  of  it  lies  out  of  the  cavity  of  the  thorax.  In  the  foetus  and 
in  young  children  almost  as  much  of  it  lies  without  the  thorax  as 
within  it.  ...  It  has  vessels  of  its  own,  termed  thymic  veins  and  arte- 
ries."    (Exp,  Anat,  Tr.  de  la  Poitrine,  n.  37 — 39.) 

432.  Yerheyen.  "  The  thymus  is  a  conglomerate  gland,  situated 
in  the  upper  part  of  the  thorax,  anteriorly,  immediately  under  the 
throat,  and  reaching  therefirom  to  the  pericardium.  It  extends  along 
the  aorta  and  superior*  vena  cava,  entirely  concealing  the  former  from 
sight,  and  in  great  part,  and  often  indeed  entirely,  the  latter  also,  as 
well  as  the  origin  of  the  subclavian  vessels  and  carotid  arteries,  so  that 
we  cannot  have  a  ftiU  view  of  those  vessels  until  the  thymus  gland  is 
removed.  Its  arteries  and  veins  are  from  the  subclavians,  and  it  re- 
ceives additional  twigs  from  the  jugulars  and  carotids.  Its  nerves  are 
supplied  by  the  par  vagum  as  it  descends  from  the  head  beside  the 
carotid  arteries.  In  the  calf,  the  thymus  is  overrun  with  lymphatics, 
which  pass  from  it  towards  the  axillary  vein ;  but  whether  they  arise 
from  the  thymus  itself  I  have  not  been  able  to  determine.  Admitting, 
however,  what  is  said  of  the  origin  of  the  lymph  in  our  tract  i.,  cap.  v., 
it  will  follow  that  the  thymus  has  also  lymphatics  of  its  own,  originat- 
ing from  its  own  substance :  and  this,  both  in  man  and  in  animals.  I 
have  hitherto  sought  in  vain  for  the  proper  excretory  duct  of  the  thy- 
mus, nor  have  I  ever  read  or  heard  that  it  has  been  found  by  any  one. 
In  early  life  the  thymus  is  very  soft,  lax,  and  succulent :  in  old  persons 
it  is  considerably  more  compact,  and  as  it  were  wasted,  being  not  only 
less  in  proportion,  but  less  absolutely,  than  in  young  subjects :  and 

*  Verheyen  has  <*  ir\ferior  vena  cava,"  and  Swedenborg  follows  him  in  the  above 
quotation,  but  this  is  evidently  a  misprint,  as  noticed  by  Morgagni,  Advers,  Anat. 
v.,  Anun.  13.— fTVJ 
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hence  the  thymus  of  calres  and  young  oxen  is  in  request  for  the  uses  of 
the  table,  and  is  reckoned  a  great  delicacy;  whereas  that  of  older 
beasts  is  not  esteemed.  We  have  no  satisfactory  information  as  to  the 
exact  time  when  the  thymus  begins  to  decrease,  but  we  know  that  it  is 
larger  in  children  a  few  years  old  than  immediately  after  birth,  and  that 
it  decreases  again  in  adults.  .  .  .  The  white  color  natural  to  the  thymus 
at  an  early  period  of  life,  is  always  lost  in  advanced  age,  being  exchanged 
for  a  dneritious  hue.  The  thymus  is  divided  irregularly  into  a  right  and 
left  portion;  and  in  some  instances  exhibits  certain  lines  or  marks, 
which  are  the  appearances  of  a  i^irther  subdivision.  See  Ub.  ii.,  tab.  vi., 
fig.  2.  (Carp.  Hum.  Anat,  lib.  i.,  tract,  iii.,  cap.  vi.)  Fig.  2,  c  c, 
shews  the  thymus  gland  lying  upon  the  pericardium,  and  divided  into  a 
right  and  left  lobe,  of  which  the  former  is  in  a  manner  subdivided  into 
two  others,  a  superior  and  an  inferior.  (Ibid.,  lib.  ii. ;  fig.  expl. 
tab.  vi.)  The  thymus  is  pressed  upon  not  only  by  the  neighboring 
parts  as  fast  as  they  grow,  but  also  by  the  lungs  when  dbtended  with 
air.  This  seems  to  account  for  its  being  particularly  small  in  those  who 
take  strong  bodily  exercise ;  for  in  such  persons  the  respiration  is  car- 
ried on  iu  an  increased  degree,  and  the  lungs  are  distended  to  the  fullest 
pitch.*'  (Ibid.,  Ub.  i.,  tract,  iii.,  cap.  vi.,  ad.  fin.) 
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433.  Wherever  there  are  cavities,  openings,  hollow  recesses, 
or  rimose  interstices ;  wherever,  in  fine,  there  are  caverns  and 
spaces,  great  or  small ;  and  these  containing  organic  members, 
viscera,  glomes,  glands,  lesser  spherules,  pipes,  and  similar  cir- 
cles or  axes  of  circles,  as  it  were  wheels  and  cylinders,  rotatory 
or  revolving,  moveable  with  life,  or  alive  with  motion; — ^wher- 
ever this  is  the  case,  there  must  be  some  humor,  volatile  vapor, 
and  self-diffusing  unguent,  that  will  imbue  and  besmear  the 
peripheries,  radii,  and  axes,  that  is  to  say,  their  joints  and  arti- 
culations (a).    Were  there  not  a  constant  spring  and  stream  of 

(a)  This  is  the  case  in  the  aniversal  body,  and  constitutes  a  general 
rule  admitting  of  no  exceptions :  nay,  so  general  is  it,  that  there  is  not 
the  minutest  conglomeration  of  vessels,  or  the  minutest  gland,  or  the 
twig  of  a  nerve,  or  the  fibre,  that  is  not  circumfused  with  its  particular 
moisture.  A  humor  also  of  a  refined  character  flows  in  the  rimose  in- 
terstices of  the  nerves,  and  in  the  medullary  interstices  of  the  cerebrum 
and  cerebellum ;  as  we  shall  shew  in  the  analysis  of  those  parts.  How 
much  more  in  the  great  cavities  and  spaces  where  entire  viscera  are 
energizing  and  working  with  an  incessant  motion  of  expansion  and  con- 
striction: in  the  thorax,  for  instance,  the  lungs  and  heart;  in  the 
throat,  the  ascending  and  descending  tubes ;  in  the  abdomen,  the  chy- 
lopoietic  viscera,  round  which  an  unctuous  humor  is  eructated  by  the 
omentum  (n.  264).  [A  humor  is  also  poured]  around  the  cerebrum, 
between  its  two  membranes,  and  around  each  particular  cortical  mass 
thereof,  nay,  around  every  gland ;  in  the  scrotum,  between  the  dartos 
and  the  tunica  vaginalis  testis ;  in  the  very  articulations  and  synar- 
throses of  the  cartilages  and  bones.  For  in  order  that  aU  things  may 
act  distinctly,  they  must  necessarily  be  kept  separate  by  an  interfluent 
and  circumfluous  humor.     Malpighi  shews  this  to  be  the  fiict  where  he 
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some  unctuous  moisture  of  the  kind^  the  passages  would  close^ 
the  pores  would  become  incapable  of  perspiring,  the  adjacent 
parietes  would  grow  together,  and  the  boundaries  between 
things  would  be  confounded ;  an  indistinct,  confused,  and  inde- 
terminable mass  would  be  the  result ;  the  forces  of  powers,  the 
motions  of  forces,  the  actions  of  motions,  and  the  lives  of  ac- 
tions, would  fall  into  chaos  or  nothingness :  the  ruin  of  generals 
would  involve  the  ruin  of  singulars ;  in  short,  the  fate  of  conti- 
nuous quantities  would  also  be  the  fate  of  discriminated  quanti- 
ties, and  vice  versa, 

434.  Within  and  above  the  thorax  there  are  certain  great 
caverns  and  hollows ;  two,  that  are  bounded  and  environed  by 
the  pleurae  and  the  mediastinum,  and  within  which  the  lungs 
have  their  allotted  sphere,  and  live  in  perpetual  activity  (A) :  and 
a  third  and  smaller,  inside  the  circle  of  the  larger  cavities,  that 
is  partitioned  off  and  enclosed  by  the  pericardium,  and  within 
which  the  great  heart  of  the  body  has  its  appointed  sphere  of 
exercitation,  and  pulsates  with  busy  life.  And  furthermore,  in 
the  throat,  around  the  trachea,  the  oesophagus,  the  carotid  ar- 
teries, the  jugular  veins,  and  the  sympathetic  nerves,  there  are 
certain  circumscribed  and  empty  spaces,  within  which  those 
pipes,  living  levers  and  peritrochia,  perform  their  rhythmical 
alternations,  expand,  contract,  and  move  and  play  in  freedom. 
Unless  these  cavities,  and  these  members  in  them,  were  circum- 
fused  and  perpetually  lubricated  with  an  oily  halitus  and  unc- 
tuous milk,  they  would  in  a  short  time  become  parched  and 

states,  that  he  observed  in  a  case  "  in  which  the  pericardium  was  per- 
fectly empty  of  fluid,"  that  it  was  "  so  firmly  glued  to  the  heart,  that 
yfhen  torn  off,  it  brought  away  with  it  a  piece  of  the  substance  of  the 
heart"  (n.  418). 

(b)  The  two  cavities  in  the  thorax  are  so  completely  separated  from 
each  other  by  the  mediastinum,  that  all  communication  between  them 
is  cut  off,  and  one  cavity  is  allotted  to  each  lung.  "  The  thorax,** 
says  Winslow,  "  is  divided  into  two  cavities,  entirely  separated  from 
each  other  by  a  middle  septum."  And  again,  "  The  mediastinum  cuts 
off  all  communication  between  the  two  cavities"  (n.  415).  "Wherefore 
the  thymus  is  so  inserted  between  the  two,  that  it  can  supply  each 
with  its  proper  quantity  of  lymph,  on  a  just  scale,  or  according  to  the 
measure  of  its  wants. 
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dry,  they  would  grate  upon  each  other  with  mutual  friction, 
and  sink  down  overcome  and  prostrated  in  powerless  languor. 

435.  With  a  view  to  averting  such  perilous  consequences,  a 
great  glandular  body,  termed  the  thymus,  is  interposed  in  the 
middle  of  all  the  three  cavities,  being  thus  thrown  as  it  were 
into  the  midst  of  the  danger,  in  order  that  it  may  succor  and 
provide  for  all.  Thus  its  lobular  body  is  placed  behind  the 
sternum, -between  the  waves  of  the  lungs  and  heart,  and  upon 
the  summit  of  the  pericardium ;  its  crura  are  extended  upon 
the  superior  vena  cava,  the  arch  of  the  aorta,  the  bifurcation  of 
the  subclavian  vessels,  and  the  origin  of  the  carotid  arteries  (c) ; 
and  its  superior  stem,  emerging  from  the  stormy  regions  of 
the  thorax,  is  carried  up  beside  the  trachea,  the  axis  of  the 
throat,  sometimes  as  high  as  the  thyroid  cartilage  ((/).     This 

(c)  The  relative  position  aud  situation  of  this  glandular  body  will 
be  best  gathered  from  our  Authors'  descriptions ;  which  shew  that  it  is 
placed  between  the  pleurw,  at  their  meeting  with  each  other,  upon  the 
pericardiam  and  the  great  vessels,  so  as  to  cover  the  latter,  and  hide 
them  from  view.  Its  body,  properly  so  called,  lies  upon  the  pericar- 
dium, as  may  be  seen  in  Verheyen,  Carp,  Hum.  Anat,,  lib.  ii.,  tab.  vi., 
fig.  2  :  thus  it  extends  inside  the  cavity  circumscribed  by  the  pleura. 
In  the  words  of  the  Author  last  mentioned ;  "  fig.  2,  c  c,  shews  the 
thymus  gland  lying  upon  the  pericardiam,  and  divided  into  a  right  and 
left  lobe,  of  which  the  former  is  in  a  manner  subdivided  into  two  others, 
a  superior  and  an  inferior.  ...  It  [the  thymus]  extends  along  the  aorta 
and  superior  vena  cava,  entirely  concealing  the  former  from  sight,  and  in 
great  part,  and  often  indeed  entirely,  the  latter  also,  as  well  as  the  origin 
of  the  subclavian  vessels  and  carotid  arteries,  so  that  we  cannot  have  a 
full  view  of  those  vessels  until  the  thymus  gland  is  removed"  (n.  432). 
And  according  to  Heister,  *'  It  extends  from  the  pericardium,  along  the 
trunk  of  the  aorta,  to  the  origin  of  the  carotid  arteries'*  (n.  430). 
Now  it  is  perfectly  obvious,  from  the  situation  and  course  of  the  pul- 
monary artery  beside  the  aorta  at  the  base  of  the  heart,  that  the  actions 
of  the  heart  and  lungs  meet  at  this  spot ;  and  hence,  agreeably  to  the 
proposition,  the  thymus  b  placed  between  the  waves  of  the  lungs  and 
heart ;  for  the  gland  is  here  brought  together  in  a  body  or  mass. 

(d)  Heister  states  that  a  portion  of  the  thymus  rises  out  of  the 
thorax,  and  sometimes  passes  as  high  up  as  the  thyroid  gland.  "  In 
some  instances,"  says  he,  "  I  have  found  it  ascend  nearly  as  high  as 
the  thyroid  gland"  (n.  430).     And  Winslow  says,  "In  the  foetus  and 
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glandular  organ  pours  its  lacteal  ungaent  into  each  of  the  cavi- 
ties (e) :  and  that  it  may  not  labor  in  vain^  but  allot  and  admi- 
nister the  proper  quantity  as  well  as  quality  to  each^  its  body, 
divided  into  lobules^  and  broken  and  jagged  as  beseems  a 
channel  for  motions  and  impulses  (/),  is  clothed  {g)  and  begirt, 

in  young  children  almost  as  much  of  it  lies  without  the  thorax  as  within 
it"  (n.  431). 

(e)  The  humor  secreted  from  the  thymus  in  infancy,  is  white  like 
milk,  which  plainly  shews  that  it  is  a  gentle,  innocuous,  virgin  un- 
guent, that  will  not  chafe  or  irritate  the  parts  that  it  touches :  hence  at 
this  period  the  gland  itself  is  of  a  light  cineritious  hue.  *'  In  children," 
says  "Winsbw,  "  it  is  of  a  whitish  color,  sometimes  with  a  tinge  of  red'* 
(n.  431).  And  Heister  remarks,  "In  infants  [it  is]  of  a  pale,  fleshy 
color,  .  .  .  [and]  a  milky  humor  is  occasionally  found  in  it"  (n.  430). 
And  Verheyen  says,  "  In  early  life  the  thymus  is  veiy  soft,  lax,  and 
succulent :  •  .  .  and  hence  the  thymus  of  calves  and  young  oxen  is  in 
request  for  the  uses  of  the  table,  and  is  reckoned  a  great  delicacy" 
(n.  432).  Morgagni  also  '^  found  the  substance  of  the  gland  in  the 
foetus,  and  in  one  case,  in  a  foetus  of  four  months,  veiy  full  of  a  whitish 
and  almost  chylous  serum."  (Advers.  Anat.  v.,  Anim.  13.) 

(/)  Morgagni  mentions  the  division  of  the  thymus  into  lobes  and 
lobules  (loc.  cit.J,  and  Yerheyen  delineates  the  same.  (Corp,  Hum, 
Anat.,  Hb.  ii.,  tab.  vi.,  fig.  2.)  By  this  division  it  becomes  capable  of 
accommodating  itself  to  all  impulses  of  motion  :  for  the  lungs  impress 
upon  it  one  motion,  the  heart,  another,  and  the  trachea,  a  third ;  and 
in  order  that  it  may  be  adapted  to  all  these,  it  must  be  divided  into 
distinct  glomes,  corresponding  to  the  varieties  of  the  motion ;  which 
also  is  a  proof,  that  this  gland  is  devoted  and  bound  to  the  use  and 
service  of  numerous  organs ;  namely,  that  it  is  capable  of  being  con* 
tracted,  expanded,  separated  or  opened  out,  and  brought  together  again, 
simultaneously  with  the  di£ferent  actions  of  the  lungs.  But  ^ere  it  an 
unbroken  mass,  it  could  not  possibly  be  distributed  in  this  way  for  the 
use  of  numerous  parts,  but  every  action  would  pervade  it  in  its  whole 
extent,  and  unfit  it  for  complying  with  any  number  of  oigans.  Its 
situation  and  connexions  are  sufficient  to  shew  the  particular  impetus 
which  the  lungs,  the  heart,  and  the  trachea,  respectively,  exert  upon 
it ;  and  how  it  is  sometimes  variously  affected  in  different  parts  by 
modes  or  conditions  corresponding  to  different  organs. 

(ff)  "  It  is  of  a  glandular,  conglomerate  structure,"  says  Heister, 
^'and  is  surrounded  by  a  membrane"  (n.  430). 
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wherever  it  goes,  with  a  cellular  and  porous  tissue,  so  con- 
structed and  connected,  that  the  unctuous  drippings  flow  down 
into  it;  and  through  it  as  through  a  spacious  duct,  a  single 
but  continuous  emissary,  they  flow  inwards,  to  the  centre ;  and 
then  gradually  and  constantly  to  the  periphery  of  the  lungs  and 
pleura;  also  by  secret,  but  nevertheless  continuous  passages, 
around  the  pericardium  (A),   and    athwart  its  moving  fibres 

(h)  The  investigations  and  explorations  of  anatomists,  although 
conducted  with  great  care,  have  not  hitherto  shewn  any  duct  proceed- 
ing from  the  thymus.  The  observation  of  J.  de  Muralto,  mentioned  by 
Heister,  is  also  questioned ;  I  mean,  where  he  says  that  he  ''  saw  a 
great  number  of  crystalline  vessels  in  the  thymus,  winding  to  the  me- 
diastinum and  pericardium*'  (n.  430).  There  is  the  same  absence  of 
ducts  in  many  of  the  other  conglomerate  glands,  as  in  the  oesophageal, 
arytaenoid,  thyroid  and  bronchial  glands  ;  yet  as  they  wear  upon  their 
face  a  glandular  appearance  and  character,  and  often  contain  a  visible 
juice,  it  is  not  to  be  doubted  that  they  are  secerning  organs,  and  send 
forth  their  secretions  by  determinate  channels  to  the  fields  of  their  pre- 
destined uses  ;  just  like  the  thymus,  in  which,  according  to  both 
Heister  and  Morgagnie,  a  milky  humor  has  been  seen.  To  discover 
then  the  emissary  or  excretory  passages,  we  ought  carefully  to  examine 
the  proper  coat  of  this  gland,  and  to  investigate  its  communication 
with  the  surrounding  cellular  tissue ;  for  it  seems  to  be  certain,  that  it 
sends  off  its  humor  by  divers  channels  to  the  before-mentioned  cavities. 
Now  if  there  be  ducts  or  foramina  leading  into  that  tissue,  then  on  the 
other  hand  in  the  tissue  itself  we  have  a  grand  and  general  duct,  iden- 
tical with  the  whole  continuous  line  of  its  cells  and  interstices  ;  and  it 
is  perfectly  clear  that  this  is  as  permeable  as  if  it  were  a  downright 
tube,  for  when  either  fluid  or  air  are  thrown  in,  they  run  entirely 
through  it ;  which  could  not  possibly  be  the  case  without  it  were  able 
to  carry  off  the  liquids  discharged  into  it  by  any  gland,  and  enclosed 
within  it,  by  a  similar  course  and  circle.  It  has  been  satisfactorily 
shewn  by  the  researches  of  many  anatomists,  that  the  thymus  is  sur- 
rounded with  a  continuous  tissue  of  the  kind  alluded  to,  and  conse- 
quently that  this  tissue  is  a  sort  of  common  duct,  that  leads  both  into 
the  cavity  of  the  pleura  and  into  the  cavity  of  the  pericardium.  Thus 
first,  a  similar  tissue  separates  the  two  pleurce  where  they  form  the 
mediastinum,  in  which  the  thymus  gland  is  inserted,  as  declared  by 
Winslow:  "The  cellular  portion  of  the  pleura,"  says  he,  "connects 
the  membranous  portion  to  the  sternum,  ribs,  and  muscles;  to  the 
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through  its  foramina,  and  so  through  its  internal  coat  in  all 
directions,  to  the  parenchyma  of  the  heart  (i),  where,  consti- 

diaphragm,  pericardium,  thymus  gland,  and  vessels.  ...  It  likewise 
insinuates  itself  between  the  laminae  of  the  dupUcature  of  which  the 
mediastinum  is  formed,  and  unites  them  together*'  (n.  415).  A  similar 
tissue  is  also  continued  from  the  mediastinum  around  the  pericardium, 
as  stated  by  the  same  Author :  "  The  external  lamina,  or  more  properly 
speaking,  the  common  covering  [of  the  pericardium],"  says  he,  "  is 
formed  by  the  dupUcature  of  the  mediastinum.  It  is  connected  to  the 
proper  bag  of  the  pericardium  by  the  cellular  tissue  of  that  dupUca- 
ture" (n.  417).  Thus,  I  think,  we  cannot  possibly  be  deceived  in 
tracing  the  derivation  of  this  glandular  humor,  by  closely  following  the 
above  tissue  all  the  way  to  its  openings  and  places  of  outlet ;  and  we 
have  now  to  shew  that  these  are  to  be  found  in  the  pericardium. 

(i)  From  this  cellular  circumference  of  the  pericardium  there  is  a 
passage  through  innumerable  foramina  into  the  cavity  itself,  much  in 
the  same  manner  as  in  various  other  members  and  organs,  for  instance, 
the  stomach  and  intestines,  in  which,  as  in  the  present  case,  there  are 
intermediate  muscular  layers,  athwart  which  the  cellular  tissue  conveys 
its  Uttle  tubes  or  passages :  and  in  truth,  the  moving  fibres,  or  if  you 
please,  while  we  speak  of  the  pericardium,  the  tendinous  fibres,  alter- 
nately open  and  close  the  passage,  and  advance  and  determine  the  fluid. 
Respecting  the  perforations  of  which  we  are  now  speaking,  Malpighi 
says,  "  When  it  [the  internal  membrane  of  the  pericardium]  is  com- 
pressed, an  almost  innumerable  quantity  of  minute  drops  gush  from 
particular  orifices  on  its  internal  surface.  I  have  found  this  a  constant 
phenomenon,  both  in  the  human  subject,  in  birds,  oxen,  and  all 
the  quadrupeds  I  have  had  an  opportunity  of  examining.  .  .  .  The  peri- 
cardium when  compressed  will  often  yield  Uttle  drops  of  this  Uquid  for 
as  long  a  time  as  two  days  after  death"  (n.  418).  And  Winslow  says, 
"  The  internal  lamina  [of  the  pericardium]  is  perforated  by  an  immense 
number  of  imperceptible  holes,  through  which  a  serous  humor  con- 
tinually transudes,  in  the  same  manner  as  from  the  internal  surface  of 
the  peritonaeum"  (n.  417).  We  may  also  obtain  further  evidence  from 
the  fact,  that  a  quantity  of  fluid  often  appears  after  death,  which  has 
oozed  from  these  little  openings,  and  collected  in  the  cavity  ;  that  is  to 
say,  from  the  humor  contained  in  the  cellular  tissue,  and  continuing  to 
be  squeezed  out  in  the  last  struggle  of  life,  and  thus  increasing  in 
amount  in  one  place,  in  the  course  of  time  being  forced  to  its  outlets, 
where  the  duplicatures  unite.  This  could  not  be  the  case  unless  the 
humor  were  suppUed  by  a  very  extensive  tissue.     "  This  humor,"  says 
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tuting  the  liquor  pericardii^  they  anoint  the  fibres  and  coronary 
vessels, — ^the  vessels  adorning  or  crowning  the  hearths  circumfe- 
rence {k).  It  likewise  performs  the  same  office  of  inunction  for 
the  trachea,  and  by  filaments  continuous  therefrom,  for  the 
oesophagus,  the  carotid  arteries,  the  jugular  veins,  and  the  great 
nerves;  and  this,  by  means  of  its  jugular  or  suprathoracic 
arm(/).  This  extensive  gland,  the  thymus,  completely  over- 
hangs, and  stands  at  the  head  of,  these  its  great  cavities  and 
members,  maintaining  precisely  the  same  relation  to  them  in 
these  respects,  as  the  arytsenoid  glands  maintain  to  the  larynx ; 
the  thyroid  gland,  to  the  trachea;  the  bronchial  glands,  to  the 
pulmonary  pipes;  and  numerous  other  common  glands,  [to 
other  parts]  :  all  which  glands,  like  the  thymus,  although  un- 

Winslow,  "  gradoallj  collects  after  death,  forming  what  is  called  the 
liquor  pericardii,  a  certain  quantity  of  which  is  generally  found  in 
recent  subjects"  (n.  417).  The  same  remark  is  made  bj  Malpighi 
(n.  418). 

(k)  This  liquor  must  necessarily  be  instilled  or  insinuated  gradually 
and  imperceptibly  through  the  foramina  of  the  internal  coat  of  the  peri- 
cardium, and  cannot  be  sprinkled  about  immediately  over  the  carity  in 
a  vapor  or  dew,  as  it  were  in  the  form  of  drops,  as  might  at  first  be 
imagined.  For  as  this  efflurial  sweat  goes  in  through  foramina,  it  will 
have  to  skirt  along  the  walls  of  the  above  coat,  and  follow  their  track, 
and  be  carried  away  in  the  stream  of  motion,  until  it  comes  in  contact 
with  the  parenchyma  of  the  heart,  or  the  coat  of  the  great  vessel, 
which  it  climbs,  and  thus  pours  itself  around  over  these  bodies.  That 
the  internal  coat  of  the  pericardium  is  continuous  with  the  external 
coat  of  the  heart,  and  its  great  vessels,  see  Lancisi,  n.  419>  and 
Winslow,  n.  417.  But  I  shall  pursue  this  subject  further  in  what 
follows. 

(l)  The  same  condition  obtains  here  also;  namely,  that  as  the 
humor  of  this  gland  is  derived  through  the  pores  and  foramina  of  the 
pericardium,  along  its  concave  surface,  to  the  surface  of  the  heart  and 
its  great  vessels,  as  well  as  around  the  lungs,  so  is  it  likewise  around 
the  trachea,  consequently,  following  the  continuous  lines  of  the  fila- 
ments, also  around  the  oesophagus,  and  the  nerves  and  vessels  of  that 
region,  which  latter,  indeed,  it  sometimes  covers  in  the  neighborhood 
of  their  bifurcation.  But  be  it  observed,  that  it  creeps  only  around 
the  surfaces,  and  anoints  them,  but  not  into  the  substances  and  cari- 
ties,  since  it  is  merely  an  external  unguent. 

t2 
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provided  with  visible  excretory  ducts,  being  surroimded  with  a 
permeable  and  porous  tissue,  take  a  survey  from  the  summits  of 
their  respective  organs,  with  a  view  of  providing  for  the  wide 
horizon  of  circumferences  and  gyres  that  lies  outspread  beneath 
their  feet  (m). 

436.  This  gland  is  continually  pouring  and  excussing  its 
sweats  into  the  surrounding  porous  tissue,  but  in  quantity  pro- 
portioned to  the  activities,  as  excitative  causes,  of  the  viscera 
among  which  it  is  thrown,  and  to  which  it  is  devoted ;  a  large 
quantity  («),  when  the  heart  is  in  an  unruly  condition,  throb- 
bing and  palpitating  with  vehement  action ;  when  the  lungs, 
impetuous  and  boiling,  dash  against  the  interposing  dyke  of  the 
mediastinum,  and  beat  and  shake  it  with  the  windy  tempest 

(m)  The  reader  will  find  these  particulars  mentioned  above  (A). 
They  furnish  the  chief  means  whereby  we  are  instructed  and  conyinced 
respecting  the  use  and  office  of  this  great  gland.  Respecting  the  ary- 
tsenoid  glands  it  was  before  remarked,  that,  "  in  order  that  the  glands 
of  the  arytaenoid  cartilages,  .  .  .  which  glands  are  peculiar  and  proper 
to  the  larynx,  may  pour  forth  the  precise  quantity  of  Ijmiph  that  is 
actually  wanted  and  desired, — the  quantity  exactly  proportioned  to  the 
exercise  undergone  in  singing  and  speech, — they  are  placed  in  close 
connexion  with  those  cartilaginous  joints,  moving  fibres,  and  bands, 
which  are  perpetually  vibrating,  and  living  in  action  and  modulation. 
And  in  order  that  they  may  distribute  their  streams  equitably,  accord- 
ing as  they  are  required,  to  every  point  of  the  circumference  of  the 
tube,  they  are  placed  in  the  top  or  head  thereof,  and  in  the  cone  of  the 
8^is  of  the  epiglottis,  and  the  lymph  flows  out  by  invitation,  through 
conspicuous  pores,  into  the  cavity  of  the  tube"  (n.  366).  And  some- 
thing similar  was  observed  of  the  thyroid  and  bronchial  glands  (n.  381). 
Respecting  the  latter  "Winslow  says,  "At  the  angle  of  the  first  ramifi- 
cation of  the  trachea  we  find  .  .  .  certain  .  .  .  glandular  bodies,  of  a 
bluish  or  blackish  color,  and  of  a  structure  very  Uke  that  of  the  thymus 
and  thyroid  glands.  There  are  other  glands  of  the  same  kind  at  the 
origin  of  each  ramification  of  the  bronchia.  .  .  .  These  glands  are  con- 
nected immediately  to  the  bronchia,  and  covered  by  the  interlobular 
substance"  (n.  369). 

(n)  As  was  observed  above  in  the  Chapter  on  the  Lips,  the  Mouth, 
the  Palate,  &c.,  n.  70,  in  speaking  of  the  salivary  glands, — the  paro- 
tids and  others, — which  pour  forth  an  amount  of  saliva  proportioned  to 
the  amount  of  excitation  or  irritation. 
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shut  up  in  their  seolian  bags :  and  when  the  trachea^  the  oeso- 
phagus, the  great  artery,  and  the  vena  cava,  are  in  a  similar 
uneasy  state  (o).  Hence  in  order  to  prevent  this  gland  from 
pouring  all  the  waves  thus  called  forth,  and  all  the  showers  thus 
excussed,  into  the  cavities  that  it  overhangs,  the  downpour 
thereof  is  carried  round  through  the  uninterrupted  passages 
of  the  cellular  tissue,  consequently  through  all  the  septa, — ^the 
mediastinum,  the  diaphragm,  and  the  pleura.  And  no  greater 
quantity  is  brought  or  intruded  into  the  cavities  of  the  breast, 
the  heart,  or  the  throat,  than  the  viscera  imperatively  demand, 
attract,  and  invite,  according  to  their  momenta  and  degrees  of 
motion,  and  to  the  law  of  use  and  necessity  (p).  In  order  to 
provide  an  asylxun  for  the  superfluous  humors,  this  cellular 
tissue,  pervious  everywhere,  is  carried  uninterruptedly  both  to 
the  centres,  and  to  the  radii  and  circumferences ;  in  short,  around 
the  pericardium,  the  lungs,  the  pleura,  and  the  diaphragm,  as 
well  as  to  the  more  general  receptacles  between  the  laminae  of 
the  mediastinum  {q).    These  viscera  demand  from  their  gland 

(o)  For  the  thymus  gland  creeps  up  from  the  chest  along  the 
trachea,  which  is  agitated  in  correspondence  with  the  pulmonic  motions, 
as  well  as  at  the  same  time  [directly],  by  innumerable  other  motions. 
It  also  lies  upon  the  aorta  and  vena  cava,  which  leap  and  toss  in  corre- 
spondence with  the  pulsations  and  sargings  of  the  heart.  By  the 
motions  of  all  these  parts,  with  which  it  is  connected  and  nearly  im- 
plicated, it  is  excited,  as  by  so  many  external  causes,  to  pour  out  its 
unctuous  saliva. 

(j))  These  points  have  been  proved  in  our  analytical  expositions  of 
the  several  viscera ;  for  unless  the  influx  of  humor  into  the  cavity  of 
the  pleura  and  pericardium  depended  upon  a  kind  of  invitation,  or  to 
speak  more  literally,  upon  physical  attraction,  the  whole  animal  economy 
would  in  fact  go  to  wreck :  the  heart  would  receive  either  too  little  or 
too  much  liquid  within  its  cavity  :  on  the  other  hand  it  is  clear>  that  the 
just  and  proper  quantity  always  flows  in ;  and  this,  in  the  ratio  of  the 
cardiac  vibrations  and  pulsations.  The  same  would  be  the  case  with 
the  longs  within  their  cavities ;  and  with  the  viscera  of  the  peritonseum 
within  the  abdominal  cavern.  Wherefore  the  law  of  invitation,  so 
often  mentioned  above,  is  universal  in  this  kingdom.  The  natural 
means  by  which  it  is  realized  have  also  been  shewn  repeatedly. 

{q)  To  wit,  lest  the  lungs,  the  heart,  and  the  trachea,  to  which  the 
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not  only  the  precise  quantity^  but  also  the  precise  species  and 
quality  of  liquid,  that  their  nature  dictates  and  requires.    Thus 

thymus  is  connected  by  the  cellular  tissue,  should  be  obliged  to  receive 
all  the  fluid  strained  from  this  gland,  and  squeezed  out  by  the  violence 
of  the  motions ;  in  which  case,  the  cavities  would  be  inundated,  and 
the  viscera  enclosed  in  them  wrecked  and  sunk,  as  indeed  actually  hap- 
pens in  many  instances  of  morbid  deluge.  Thus  Malpighi  says,  "  When 
the  above  humor  is  in  a  morbid  condition,  the  rhythm  of  the  heart's 
motion  is  destroyed ;  and  lately,  in  examining  the  body  of  a  patient, 
who  had  had  vibration  and  tension  of  pulse,  and  a  sensation  of  distress 
at  the  heart,  two  pounds  of  turbid  fluid  were  found  in  the  pericardium" 
(n.  418).  To  prevent  these  disasters,  matters  are  so  arranged  as  that 
this  fluid  can  be  conveyed  away  in  another  direction ;  namely,  into  the 
continuous  and  uninterrupted  cellular  tissue  extended  around  the  whole 
of  the  pleura ;  which  tissue  runs  without  a  break  from  the  duplicature 
of  the  mediastinum  around  the  pericardium,  all  the  way  to  the  bounda- 
ries by  which  it  is  united  to  the  diaphragm :  hence  by  this  plane  there 
is  a  way  out  into  the  pleura.  Thus  the  heart  is  not  obliged  to  admit 
all  the  secretion  of  the  gland  that  runs  through  the  cellular  tissue  of 
the  pericardium.  Besides  these  and  several  other  paths  leading  into 
the  pleura,  there  is  also  a  kind  of  royal  road  leading  towards  the  exter- 
nal surface  of  the  lungs.  And  in  addition  to  all  these  channels  for  the 
discharge  of  superfluities,  there  is  also  one  very  large  and  palpable 
channel  towards  the  two  pleurae  and  the  diaphragm,  to  wit,  the  great 
fissure  between  the  laminae  of  the  mediastinum,  which  seems  in  some 
measure  to  perform  the  office  of  a  receptacle ;  in  order,  perhaps,  that 
if  the  pleura  itself  be  distended  to  the  full,  or  be  not  in  a  state  to  re- 
ceive more,  it  may  refuse  the  superabundant  afflux.  Eustachius  has 
delineated  this  fissure  or  cavity,  (so  Win&low  informs  us,)  and  Heister 
thus  describes  it :  "  Between  the  two  membraties  of  which  this  double 
membrane  [of  the  mediastinum]  is  composed,  there  is  a  cellular  inter- 
stice of  considerable  size  ;  1,  in  the  part  nearest  the  diaphragm,  in  which 
inflammations  and  abscesses  sometimes  occur ;  and  2,  in  the  upper  part 
of  the  thorax  where  the  thymus  gland  is  situated. . .  I  have  found  it  [the 
interstice]  constantly  present,  not  only  in  the  upper  part,  but  also  in 
the  part  next  the  diaphragm  ;  and  this,  although  the  sternum  be  raised 
as  gently,  and  as  Httle,  as  possible. ...  In  a  pubhc  demonstration  which 
I  gave  in  the  year  1730,  I  shewed  a  case  in  which  this  interstice  was 
so  large,  that  the  right  membrane  of  the  mediastinum  adhered  to  the 
middle  of  the  sternum,  while  the  left  adhered  only  to  the  cartilages  of 
the  ribs  on  the  left  side.     It  may  be  added,  that  various  writers  relate 
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the  heart  within  its  pericardium  demands  one  species^  the  soli- 
citation taking  place  by  means  of  the  internal  coat  of  the  latter^ 
which  for  this  end  is  adherent  and  intimately  connected  to  the 
heart,  its  fibres,  the  coronary  vessels,  the  auricles,  and  the  great 
arteries  and  veins  (r).     The  limgs  within  their  pleura  demand 

instances  of  abscesses  and  pus  formed  therein  ;  and  J.  L  Mayer,  a  recent 
author,  affirms  that  he  has  frequently  found  it  to  contain  aerunC^ 
(n.  411). 

(r)  I  shewed  throughout  in  Part  L,  in  treating  of  the  Viscera  of 
the  Abdomen,  and  shewed,  as  I  imagine,  by  solid  arguments,  that  not 
a  drop  of  fluid,  however  minute,  can  flow  into  the  bed  of  any  organ, 
without  the  organ  itself  inviting  it,  and  determining  not  only  the  quan- 
tity to  be  supplied,  but  also  tbe  quality.  In  a  sinular  manner  a  parti- 
cular quantity  and  quality  of  liquid  is  invited  by  the  heart,  by  means 
of  the  pericardium  ;  as  is  proved  by  tbe  supply  being  always  adequate, 
and  always  exactly  correspondent  to  the  heart's  activity :  also  by  the 
character  of  the  Hquid,  in  that  it  is  found  to  be  nearly  the  same  in  all 
healthy  subjects.  At  first  sight,  indeed,  it  would  appear  absurd  to 
suppose  that  tbe  heart,  so  distant  as  it  is  from  its  pericardium,  should 
still  be  enabled  to  attract  from  the  gland  a  quantity  and  kindred  quality 
adequate  and  proportionate  to  its  own  motion  and  nature :  yet  if  we 
duly  consider  the  connexion  of  the  heart  with  tbe  pericardium,  we  shall 
clearly  see  the  proximity  of  the  causes.  For  the  internal  coat  of  the 
pericardium  is  reflected  to  the  surface  of  the  heart  and  its  great  vessels, 
and  covers  that  surface  entirely ;  nay,  penetrates  to  the  intimate  struc- 
tures, according  to  Lancisi, '  communicating  with  all  the  nerves  and 
vessels,  and  proximately  with  tbe  coronary  vessels.  This  thin  internal 
coat  of  the  pericardium,  and  external  coat  of  the  heart,  during  every 
vibration  of  the  heart  and  its  great  vessels,  is  twitched  up  about  the 
base,  the  pulmonary  artery,  the  aorta,  &c.,  and  solicited  to  impel,  in- 
vite, and  admit,  the  liquid  circulating  through  the  cellular  tissue  of  the 
pericardium.  This  same  coat  it  is  that  is  perforated  by  the  foramina 
through  which  these  discbarges  are  let  in ;  thus  it  is  this  coat  that  re- 
gulates the  supply  of  the  fluid.  Adherent  thereto  is  the  muscular  or 
tendinous  fibrous  coat,  and  this  cannot  fail  to  comply  with  the  invita- 
tion of  the  former,  and  to  open  the  doors  for  the  humor  to  flow  in 
from  that  moist  and  ever  dripping  tissue.  I  am  very  confident  that 
this  is  the  rationale  of  the  insinuation  of  the  liquor  pericardii  into  the 
cavity  of  the  pericardium,  unless  I  admit  that  I  am  deceived  by  positive 
verisimilitude,  and  by  the  progressive  series  of  causes,  seen,  as  it  is. 
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another  species,  their  claim  being  made  by  means  of  their  ex- 
ternal coat,  which  for  this  end  goes  round  the  lungs,  and  softly 
encloses  their  great  blood-vessels  and  air-tubes.  The  trachea 
again  demands  a  third  species.  This  is  the  reason  of  the 
prolongations,  lobular  intersections  and  tuberosities  of  this 
gland  {s). 

437.  But  in  the  primeval  or  ante-natal  time,  in  the  mother's 
womb,  when  the  body  was  at  peace,  and  the  temple  of  the  two- 
faced  Janus  of  the  lungs  was  shut, — when  the  brain  was  con- 
stantly in  the  eflfbrt  to  produce,  and  the  heart  was  wielding  the 
government  of  the  kingdom  by  compact  with  the  brain,  its 
prince;  then  this  gland  was  in  its  pride  and  pomp,  distinguished 
alike  for  its  goodly  size,  its  comely  appearance,  its  virgin  pale- 
ness, its  delicious  softness,  and  its  milk-white  juice  {t).  But 
far  otherwise  was  the  case  when  these  halcyon  days  were  gone, 
— ^when  the  gates  of  this  temple  of  Janus  were  opened, — ^the 
tracheal  pipes  unlocked, — and  the  lungs  rose  insurgent  with 
their  wind  upon  the  mediastinum ;  then  the  thymus  gland,  ex- 
asperated with  so  many  new  and  vehement  assailant  motions, 
could  not  fail  to  pour  forth  copious  spume,  contrary  to  its  an- 
cient custom ;  so  that  unless  it  took  in  sail,  and  lessened  itself, 
it  must  overwhelm  the  caverns  of  the  breast,  heart,  and  neck, 
with  inundation  and  a  deluge.  For  a  small,  slight,  and  disre- 
garded gland,  if  harshly  provoked,  pours  forth  saliva  with  as 
much  prodigaUty  and  freedom,  as  a  large  and  considerable  gland 
that  is  treated  with  mildness,  and  lying  undisturbed  and  even. 
Thus  in  proportion  as  external  motions  and  impulses  increase, 
in  exactly  the  same  proportion,  the  volume,  surface,  comeliness, 
softness,  and  brilliancy  of  this  gland  decrease,  as  well  as  its 
correspondent  internal  exercitation  («) :  for  nature  is  perpetual 

with  all  clearness.  The  rationale  of  the  insinuation  by  the  thymus  gland 
of  the  liquor  pleurae  that  anoints  the  lungs,  must  be  regarded  as  similar 
to  the  above. 

(«)  See  above,  note  (c). 

(t)  See  above,  note  (e). 

(u)  These  particulars  are  so  plainly  set  forth  at  the  beginning  of 
the  Chapter,  that  I  need  do  no  more  than  quote  from  our  Authors. 
"  In  infants,"  says  Heister,  "  [the  thymus  gland  is]  of  a  pale,  fleshy 
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in  her  measiires,  proportions,  and  rules,  and  her  government 
lies  in  equilibrium  and  equation. 

438.  As  life  is  advancing  through  its  several  stages  to  its 
closing  period,  and  its  attendant  irregularities  and  excesses  are 
committing  their  devastation,  a  great  number  of  glands  take 
root  here  and  there  upon  the  pleura  and  the  pericardium  (a?) ; 

color,  but  of  a  more  dusky  hue  iu  adults.  ...  It  decreases  gradually 
during  childhood,  and  almost  entirely  disappears  in  adults  and  old  per- 
sons" (n.  430).  And  Verheyen  says,  "In  old  persons  it  [the  thymus] 
is  considerably  more  compact,  and  as  it  were  wasted,  being  not  only 
less  in  proportion,  but  less  absolutely,  than  in  young  subjects"  (n.  432). 
(x)  The  greatest  anatomists  have  been  divided  in  opinion  as  to  the 
existence  of  glands  in  the  peritonaeum  and  pleura,  as  well  as  in 
the  pericardium:  some  having  taken  the  negative  side,  others,  the 
affirmative ;  very  probably,  because  glands  have  been  observed  in 
many  subjects,  while  in  other  subjects  few  or  none  have  presented 
themselves;  making  it  equally  unsafe  to  adopt  either  opinion  with- 
out bringing  the  matter  to  an  issue,  in  which  case  sight  or  ocular 
demonstration  is  the  only  standard  appealed  to  for  decision.  Mal- 
pighi  clearly  pronounces  for  glands  in  the  pericardium,  and  classes 
the  pericardium  altogether  among  glandular  bodies.  "The  pericar- 
dium," says  he,  "  is  a  gland,  or  glandular  body,  and  constantly  secretes 
a  peculiar  humor"  (n.  418).  He  has  also  given  an  elaborate  account 
of  a  glandular  pericardium  that  he  met  with  in  a  young  subject.  (Ibid,) 
And  Lancisi  says,  in  the  same  strain,  "  In  all  the  subjects  which  I 
have  examined  for  the  purpose,  [both  healthy  and  the  reverse,]  I  have 
found  a  number  of  glands  upon  the  pericardium.  .  .  .  These  glands  are 
imbedded  in  fat"  (n.  419).  He  describes  also  the  situation,  number, 
magnitude,  &c.,  of  these  glands.  Heister,  on  the  other  hand,  although 
he  grants  that  there  are  glands  in  diseased  subjects,  yet  denies  their 
existence  in  healthy  subjects  (n.  416)  ;  and  he  likewise  adopts  the 
same  view  with  respect  to  the  pleura  (n.  411)  and  the  peritonaeum 
(n.  308).  But  if  we  look  into  the  matter  a  Httle  more  nearly,  we  shall 
find  that  both  opinions  are  correct ;  (I  am  not  speaking  as  an  umpire, 
for  I  believe  both  sides)  ;  for  preternatural  corpuscules  of  the  Idnd, 
analogous  to  glands,  in  process  of  time  are  engrafted  upon  the  mem- 
branes, upon  their  folds,  and  especially  upon  the  cellular  tissue,  par- 
ticularly in  morbid  states,  and  when  life  is  senile,  frigid,  decayed, 
rusted  and  mouldering ;  when  the  skins  or  membranes  that  were  once 
elastic,  are  growing  flaccid,  and  the  forces  are  dying  out :  at  which 
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for  such  glands^  as  we  said  before^  must  be  accounted  preter- 
natural in  natural  life^  but  natural  in  preternatural  life^  such  as 
human  life  generally  is  at  this  day  {y).  Thus  the  office  of  the 
common  or  thymus  gland  is  diminished^  and  distributed  and 
transferred  to  particular  provisional  glands^  and  innumerable 
lesser  glands ;  so  that  instead  of  a  continuous  quantity^  or  co- 
existence of  glands  in  the  thymus^  we  have  now  the  same  quan- 
tity discriminated  or  scattered  about  over  the  tunics.  This 
furnishes  a  second  cause  why  the  thymus  gland  diminishes  in 
the  middle  and  closing  periods  of  life^  unwinds  the  thread  of 
its  fate^  and  passes  away. 

439.  But  where  nature  has  provided  and  prepared  an  influx 
of  humor,  she  has  also  provided  and  prepared  an  outlet ;  for  if 
there  is  a  spring,  there  must  be  a  stream ;  otherwise  the  inces- 
sant flow  would  inundate  both  the  cavities.  Hence  whatever 
flows  into  the  cavity  of  the  pleura  or  lungs,  the  pleura  and 
lungs  absorb  by  their  foramina  and  open  orifices ;  and  transmit 
through  the  cells  of  their  cellular  tissue,  either  in  a  circle,  or 
to  the  skin,  or  to  the  bronchia  and  trachea.  There  are  many 
circumstances  that  declare  and  demonstrate  the  permeability  of 
the  cavity  into  the  pleura  and  into  the  lungs,  that  is  to  say,  in- 
wards; although  not  from  the  latter  into  the  cavity,  or  outwards : 
as,  1.    The  presence  of   numerous  openings  on  the  common 

time  such  tubercles  may  spring  up  in  abundance,  even  without  being 
induced  by  disease.  According  to  nature's  wonted  custom,  there  are 
always  ducts  carried  from  these  adventitious  glandular  growths,  to  some 
particular  cavity,  by  which  ducts,  the  fluid  secreted  is  determined  out- 
wards, as  in  the  oesophagus,  the  trachea,  the  stomach,  the  intestines, 
and  other  parts.  Thus  the  use  of  the  thymus  ebbs  away  in  proportion 
as  similar  new  springs  and  rills  of  humor  are  multiplied  elsewhere. 
And  as  it  rarely  happens  in  old  age  that  such  glands  are  not  planted 
upon  these  tunics,  and  particularly  upon  the  pericardium,  it  follows 
that  in  proportion  as  this  is  the  case,  the  use  of  the  thymus  is  dimin- 
bhed,  and  its  substance  and  size  with  its  use  ;  while  nevertheless,  the 
efficient  quantity  remains  the  same,  although  instead  of  being  a  con- 
tinuous quantity,  formed  of  many  glands  together  in  one  mass,  it 
becomes  a  discriminated  or  separated  quantity,  scattered  about  over  the 
tunics.  See  what  we  said  above  on  these  subjects,  n.  427  (m). 
(y)  See  above,  n.  427  (m). 
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membrane  of  the  plemti^  and  perhaps  of  the  Imigs^  which  mem- 
brane environs  and  secures  that  miinterrupted  passage  or  cel- 
lular duct  in  both  instances  (z).  2.  The  conspicuous  and 
continuous  determination  therefrom^  both  in  a  gyre^  and  to  the 
most  external  pores^  and  in  this  manner  out  of  the  body^ 
through  the  organs  of  exudation  or  expiration.  8.  The  injec- 
tion of  water,  oil,  wax,  mercury,  or  air,  which  run  uninterrupt- 
edly through  the  interstices  of  the  cellular  tissue,  and  expand 
and  inflate  them,  but  without  ever  escaping  into  the  cavity; 
the  case  being  the  same  in  this  respect  in  the  peritonaeum,  in 
the  omentum,  in  the  pleura,  and  in  the  lungs  [when  injected] 
through  the  interlobular  substance.  4.  The  actual  danger  of 
inundation  of  the  chest,  and  shipwreck  of  the  lungs  and  heart, 

(z)  It  was  shewn  above,  that  the  pleura  and  the  peritonseum  are 
perforated  by  numberless  little  foramina.  Yerheyen  states  that  the 
same  is  conjectured  to  be  the  case  with  the  external  or  common  coat  of 
the  lungs.  "  It  is  asserted,"  says  he,  "  by  some  anatomists,  that  this 
[external  or  common]  membrane  [of  the  Imigs]  has  certain  orifices  or 
pores,  so  constituted  as  to  absorb  the  humor  contained  in  the  cavity  of 
the  thorax,  at  the  same  time  that  they  prevent  anything  passing  from 
the  lungs  into  the  cavity,"  &c.  (Corp,  Hum,  Anat.,  tract,  iii.,  cap  xii.) 
But  he  goes  on  to  say,  that  he  "  has  neither  read  nor  heard  that  these 
pores  have  been  seen  by  any  body"  (ibid.)  ;  and  therefore  I  leave  the 
matter  as  I  find  it,  and  commend  the  question  of  such  pores  to  the 
careful  investigation  of  future  anatomists.  There  is,  however,  no 
doubt  of  the  kind  respecting  the  existence  of  pores  in  the  pleura,  the 
pericardium,  the  peritonseum,  the  omentum,  and  many  of  the  other 
coverings ;  and  the  only  question  in  the  case,  is,  whether  the  liquor 
secreted  by  the  numerous  arteries  of  these  coverings,  exudes  through 
the  pores  into  the  cavities,  or  whether  it  is  absorbed  from  the  cavities ; 
and  it  seems  impossible  that  this  should  not  be  capable  of  receiving  a 
solution  from  careful  observations.  Meanwhile,  the  arguments  adduced 
are  sufficient  to  convince  us,  that  the  determinations  are  from  the 
cavity,  or  outwards,  and  not  to  the  cavity,  or  inwards ;  particularly  the 
proofs  furnished  by  the  injection  of  liquids  or  spirits,  and  by  the  infla- 
tion of  air,  into  the  cellular  tissue  of  the  pleura,  the  peritonseum,  the 
omentum,  and  into  the  interlobular  tissue  of  the  lungs ;  the  fluid  or  air 
distending  the  parietes,  and  running  through  the  continuous  cells,  but 
in  no  place  escaping  outwards ;  as  we  observed  above  in  the  Chapter  on 
the  Peritonseum,  n.  325. 
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not  only  in  dropsy  and  tympanitis,  and  other  firightful  morbid 
deluges  of  the  same  kind,  but  also  during  every  moment  of  life, 
if  so  copious  a  secretion  were  to  rush  promiscuously  through  the 
foramina  into  the  sphere  of  the  principal  viscera;  an  event 
which  nature,  residing  in  her  circles,  and  dreading  the  fall  of 
her  kingdom  before  its  time,  has  solicitously  guarded  against 
beforehand.  But  this  humor  is  not  all  thrown  out  as  worthless, 
but  is  even  gratefiiUy  repaid  for  the  use  and  services  which  it 
has  afforded  to  the  lungs ;  for  the  veins  and  lymphatics  gather 
and  absorb  the  still  useful  portion  of  it,  and  remit  it  into  the 
old  or  sanguineous  circle  {a) :  the  barren  and  obnoxious  portion 
which  these  vessels  repudiate,  they  deliver  to  be  evaporated  and 
eructated  by  the  excretory  vessels. 

440.  But  the  case  is  different  with  the  liquor  pericardii; 
this  does  not  flow  out  of  the  pericardial  cavity  through  the  fora- 
mina in  the  membrane,  but  it  flows  into  the  cavity  from  the 
cellular  surfece;  for  the  pericardium  constitutes  in  the  chest  a 
gyre  within  a  gyre,  and  is  a  circuit  of  the  pleura  reflected  in- 
wards :  thus  the  internal  membrane  of  the  pleura  becomes  the 
external  membrane  of  the  pericardium,  and  they  both  environ 
their  cellular  tissue  in  the  same  manner ;  and  hence  what  tends 
outwards  in  the  pleura,  tends  inwards  in  the  pericardium.     The 

(a)  It  is  well  known  from  observations^  that  the  pleura  is  covered 
and  irrigated  by  numerous  little  veins  as  well  as  little  arteries.  Heister 
mentions  that  it  also  has  ^MymphatieSy  which  run  to  the  thoracic 
duct*'  (n.  411),  and  he  states  the  same  with  regard  to  the  medias- 
tinum (n.  412).  According  to  Verheyen,  "  Rudbeck  figures  numerous 
lymphatics  running  from  the  mediastinum  to  Pecquet^s  [the  thoracic] 
duct,  but  which  probably  do  not  all  belong  to  the  mediastinum,  but 
are  some  of  them  running  from  the  neighboring  parts,  through  this 
membrane,  to  the  before-mentioned  duct."  (Corp.  Hum.  Jnat.,  tract, 
iii.,  cap.  V.)  But  we  shall  not  stop  to  accumulate  proofs  of  the  exist- 
ence of  these  vessels,  since  they  may  be  readily  seen,  winding  through 
the  cellular  tissue,  precisely  as  in  the  peritonaeum.  We  before  spoke 
of  the  numerous  lymphatics  on  the  surface  of  the  lungs ;  likewise  of 
the  numerous  veins,  which,  indeed,  are  not  so  much  scattered  as  heaped 
together  through  the  whole  of  their  cellular  tissue :  thus  shewing  that 
not  a  drop  of  humor  can  pass  by  without  a  tribute  being  exacted  from 
it  by  the  veins. 
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mere  gyratory  form  is  what  misleads  us  here ;  for  in  both  cases 
a  very  similar  determination  prevails ;  namely,  from  the  same 
common  membrane  towards  the  cellular  tissue ;  and  from  this 
onwards,  in  the  former  instance  to  the  circumferences,  in  the 
latter  to  the  centre  (A).  This  liquor,  according  to  the  law  of 
fluxion  in  the  animal  kingdom,  that  is,  in  the  body  of  the  soul, 

(b)  The  determination  of  the  humor  of  the  pleura,  as  we  shewed 
above  (n.  427  i  k  I),  is  either  in  a  circle  through  the  membrane,  and 
athwart  the  diaphragm  into  the  peritonaeum  ;  or  through  the  conspicuous 
channels  and  fissures  into  the  cellular  tissue  of  the  muscles,  and  to  the 
[external]  adipose  membrane,  and  so  to  the  skin  and  epidermis ;  or 
else  through  the  cellular  tissue  of  the  [broad  membranous]  ligament, 
into  the  lungs :  and  as  the  determinations  are  so  numerous,  and  a 
determination  towards  the  carity  of  the  thorax  would  be  contrary  to 
them  all,  it  seems  that  it  would  be  repugnant  or  opposed  to  nature,  for 
the  liquor  to  flow  out  from  the  tissue,  through  the  foramina,  into  the 
cavity.  The  same  principle  occurs  in  the  pericardium,  although  on 
account  of  the  determination  towards  the  cavity  or  sphere  of  the  heart, 
it  appears  to  be  in  a  manner  reversed ;  but  the  circuition  of  the  mem- 
brane is  ^hat  leads  our  first  intellectual  imaginings  into  this  error ;  for 
the  same  smooth,  polished,  or  continuous  membrane  which  is  the 
internal  membrane  of  the  pleura,  is  the  external  membrane  of  the 
lungs  and  of  the  pericardium.  The  circumvolution  and  form  of  gyra- 
tion, consequently  a  mere  mechanical  necessity,  produces  this  eifect. 
This  membrane  is  immediately  succeeded  by  the  cellular  tissue,  both  in 
the  pleura,  and  in  the  lungs  and  pericardium ;  the  same  membrane  being 
the  covering  of  the  same  continuous  tissue.  Hence  the  determinations 
remain  the  same ;  that  is  to  say,  those  which  in  the  pleura  are  out- 
wards, and  athwart  the  muscles  of  the  thorax,  in  the  pericardium  are 
inwards,  towards  the  cavity,  and  likewise  athwart  the  moving  fibres. 
In  fact,  the  course  leading  from  the  circumference  of  the  lungs,  through 
the  interlobular  spaces,  or  continuous  lines  of  interstices,  towards  the 
bronchia  and  trachea,  must  be  said  to  be  outwards,  and  not  inwards; 
for  this  same  direction  leads  ultimately  to  the  outlets  of  the  lungs. 
The  animal  kingdom,  as  we  observed  in  the  Chapter  on  the  Intestines, 
forms  its  own  proper  determinations,  which  sometimes  go  in  a  relatively 
contrary  direction  to  the  determinations  of  the  common  or  circumam- 
bient sphere,  from  which  we  derive  our  notions ;  but  if  we  only  bear  in 
mind  the  laws  of  motion,  we  shall  easily  extricate  ourselves  from  these 
physical  labyrinths  of  nature. 
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tends  continually  from  the  region  of  motion  to  the  region  of 
rest  (c) ;  and  as  the  region  of  the  greatest  rest  of  the  pericar- 
dium is  the  region  of  the  greatest  motion  of  the  heart,  and 
vice  ver9a,  therefore  the  liquor  passing  through  the  foramina, 
skirts  along  the  internal  coat  of  the  pericardium,  and  keeps 
close  to  it,  all  the  way  to  the  triangular  spherical  centre  of  the 
diaphragm  (rf).  There  the  liquor  ascends  the  flat,  reclining, 
and  contiguous  surface  of  the  heart,  and  then  diffused  over  its 
circumference,  is  carried  away  there  likewise  from  the  sphere 
of  the  greatest  motion  to  the  sphere  of  the  greatest  rest ;  that 
is  to  say,  fix)m  the  apex  all  the  way  to  the  base  of  the  heart, 
and  onwards,  around  the  great  vessels  of  the  heart  and  lungs, 
into  that  remarkable  cellular  tissue  that  accompanies  the  sheath 
formed  by  the  pericardium  to  the  innermost  parts  of  the  lungs  (e). 

(c)  The  reader  will  find  this  law  proved  throughout  in  Part  I.,  as 
well  as  in  the  present  Part,  and  first  laid  down  in  n.  42  (x). 

(d)  It  is  pretty  generally  known,  that  the  proper  tunics  of  the 
pericardium  are  agglutinated  to  the  aponeurotic  centre  of  the  dia- 
phragm,  upon  which  the  fiat  surface  of  the  heart  reclines ;  and  this 
being  the  central  spot  of  the  whole  plane,  it  follows  that  it  is  the  most 
quiet  region  of  the  pericardium,  which  hanging  loosely  in  all  other 
parts,  vibrates  and  fluctuates  with  the  action  of  the  circumjacent  lungs, 
and  most  of  all  on  the  very  confines,  or  about  the  base,  of  the  heart. 
That  the  contrary  to  this  is  the  case  in  the  heart,  we  cannot  &il  to  per- 
ceive, when  we  know  that  the  apex  is  the  most  moveable  part  of  that 
organ,  and  the  base  proportionably  still,  as  will  be  shewn  more  clearly 
in  the  Chapter  on  the  Heart.  It  is  not,  however,  denied,  that  the  vapor 
is  also  circnmfused  and  floats  about,  in  the  form  of  a  moist  atmosphere, 
around  the  heart.  That  all  liquids,  when  intromitted,  skirt  along  the 
parietes,  see  n.  352  (k). 

(e)  Unless  we  follow  the  evolutions  of  the  pericardium  with  some 
rational  view,  we  may  easily  be  led  to  believe,  that  a  barrier  is  here  op- 
posed*  by  the  reflexion  of  the  internal  coat,  against  the  humor  passing 
by  this  way  to  the  intimate  parts  of  the  lungs.  But  as  the  pericardium 
encases  the  vessels  of  the  lungs  like  a  capsule,  and  accompanies  them 
in  the  form  of  a  cellular  web  all  the  way  to  their  retia  [mirabiha],  we 
may  conclude  how  ready  the  passage  thither  is,  particularly  between 
the  two  great  arteries ;  especially  when  we  remember  that  the  lungs 
also  bring  to  bear  the  invitative  power  and  force  of  which  we  spoke  in 
the  Chapter  on  the  Lungs.     "  The  pericardium,"  says  Lancisi,  "  forms 
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So  agsdn  the  outcast  portion  of  this  lymph  which  is  not  attracted 
by  the  veins  or  lymphatics^  is  thrown  out  through  this  great  and 
general  evaporatory  of  the  sweats. 

441.  But  this  extensive,  straggling,  and  erratic  gland,  in 
addition  to  the  above  domestic  and  proximate  office  (/),  under 

a  particular  capsule  that  covers  and  ties  down  the  divisions  of  the  three 
pulmonary  vessels,  .  .  .  and  is  continued  all  the  way  to  the  external 
surface  of  the  lungs.  .  .  .  On  the  anterior  surface,  the  pericardium  will 
be  found  to  be  attached  to  the  two  great  arteries,  and  to  ascend  upon 
the  last  segment  of  the  trachea,  so  as  to  cover  at  the  same  time  the 
bronchial  tubes:  on  the  posterior  surface  it  will  be  observed  to  be 
spread  under  the  arch  caused  by  the  divarication  of  the  bronchia,  and 
to  be  firmly  connected  to  them,  and  to  the  heads  of  the  great  veins. 
And  if  we  dissect  out  the  surface  of  the  pericardium  in  the  direction  of 
the  lungs,  .  •  .  and  remove  a  portion  of  the  vesicular  substance  of  the 
latter,  it  will  be  seen  that  all  the  pulmonary  vessels,  both  aeriferous 
and  sanguineous,  are  beautifully  environed  with  the  pericardium" 
(n.  419).  And  Winslow  says,  "The  trunks  of  the  aorta  and  pulmo- 
nary artery  have  one  common  coat  [he  has  just  been  speaking  of  the 
internal  lamina  of  the  pericardium]  which  contains  them  both  as  in  a 
sheath,  and  is  lined  on  the  inside  by  a  ceUular  tissue,  that  is  chiefly 
accumulated  in  the  spaces  where  the  trunks,  and  the  sides  of  the 
sheath,  come  into  mutual  apposition  and  contiguity*'  (n.  417). 

(/)  The  anointing  of  the  parietes  of  the  cavities,  and  of  the  sur- 
faces of  the  viscera  of  the  thorax,  throat  and  neck,  is  here  termed  the 
domestic  and  proximate  office  of  the  thymus,  both  because  it  continues 
to  the  end  of  the  gland's  existence,  and  because  the  gland  is  inserted, 
affixed  and  enclosed  in  the  middle  septa  of  those  parts.  The  other 
offices  which  it  administers,  are  more  general  and  more  remote,  and 
during  the  subsequent  Hfe  are  assigned  and  appropriated  to  other  vis- 
cera. I  allude  to  such  offices  as  purifying  the  serum  of  the  blood, 
which  becomes  the  function  of  the  lungs  ;  presenting  the  chyle  to  the 
subclavian  veins,  which  office  is  transferred  to  the  mesentery  and  tho- 
racic duct ;  and  translating  the  blood  through  a  short  circle,  from  the 
aorta  into  the  superior  and  inferior  venae  cavse,  which  office  is  committed 
to  the  whole  of  the  muscular  chest.  Meanwhile  those  few  members 
which  at  this  time,  that  is,  in  ante-natal  life,  hold  the  reins  of  govern- 
ment, must  sustain  a  number  of  offices  that  will  afterwards  belong  to 
other  viscera.  But  I  foresee  that  these  particulars  will  not  be  thoroughly 
understood  by  most  readers,  until  we  have  treated  of  the  state  of  em- 
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the  government  of  its  nature,  or  in  the  uterine  state,  adminis- 
tered a  number  of  other  duties,  in  conjunction  with  the  brain, 
the  heart,  the  liver,  and  the  succenturiate  kidneys,  and  enjoyed 
a  kind  of  rank  and  praetorship.  Thus  it  was  busily  employed  in 
the  service  of  all  those  members  which  at  this  time  held  the 
administration,  as  well  as  of  those  others,  hitherto  without  a 
'dominion,  which  were  afterwards  to  come  into  power.  For  in 
this  most  tranquil  state,  it  required  but  slight  provision  to 
anoint  the  surfaces  of  the  heart,  of  the  great  vessels,  the  lungs, 
the  trachea,  &c.,  and  the  parietes  of  their  chamber;  and  by  the 
unguent  supplied  to  hinder  delay  in  their  motions:  for  the 
heart  and  its  vessels  at  this  time  performed  tacit  motions,  al- 
ways consistent  with  nature's  rule ;  and  the  lungs  and  trachea, 
together  with  the  oesophagus,  fulfilled  as  yet  no  functions,  but 
rested  in  perfect  ease :  and  nevertheless,  the  gland  was  large 
and  tumid ;  and  its  space,  substance,  and  supply  of  fluid  were 
immoderate  and  disproportioned,  relatively  to  the  dimensions  of 
the  body  in  the  breast  of  which  it  was  placed  (ff).  Inasmuch 
then  as  the  thymus  at  this  time,  as  we  said  before,  was  one  of 
the  patrician  and  praetorian  organs,  let  us  now  proceed  to  con- 
sider its  several  functions.  I.  While  the  lungs  were  at  rest,  it 
secreted  a  serum  from  the  blood,  and  thereby  prevented  any 
crude  or  undigested  portion  of  the  former  from  invading  and 

bryonic  life,  or  the  formation  of  the  foetus  in  ovo  and  in  utero,  which 
will  be  the  subjects  of  Part  V. ;  so  that  they  must  be  only  slightly 
touched  upon  now ;  and  not  passed  over,  simply  because  they  concern 
the  offices  of  the  thymus  gland. 

(si)  ^^  ^^^  above,  that  nature  is  perpetual  in  her  measures,  pro- 
portions and  rules,  and  that  her  government  Hes  in  equilibrium  and 
equation.  Thus  if  we  contrast  the  size  of  this  gland  with  the  size  of 
the  chest  and  heart  of  the  little  body  into  the  pericardium  of  which  it 
pours  its  humor ;  and  furthermore  if  we  consider  its  soft  and  succulent 
character,  with  reference  to  the  quantity  of  lymph  required  within  the 
pleura  and  pericardium,  it  will  become  perfectly  evident,  that  at  this 
time  it  performed  seyeral  other  functions  besides  the  above  :  for  so  large 
a  size,  and  such  humidity  and  softness  appear  to  be  not  exactly  in  pro- 
portion to  that  function  singly.  Add  to  this,  that  the  lungs  were  lying 
prostrate,  and  the  trachea,  moving  neither  hither  nor  thither,  lived, 
with  the  larynx,  in  the  deepest  silence  and  repose. 
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infesting  the  brain^  the  supreme  palace  of  the  soul,  and  the 
other  organs  of  its  diminutive  body,  superior,  middle,  and  infe- 
rior,  which  were  now  growing  up  for  future  uses  (A).     II.  This 

(A)  A  number  of  organs  were  devoted  to  the  purification  of  the 
blood  in  the  embryonic  body ;  on  the  outside  of  the  diminutive  frame, 
the  uterus,  the  chorion,  the  amnion,  the  uterine  placenta,  the  umbihcal 
cord ;  and  in  the  inside  of  it,  the  liver.  But  since  the  blood  under- 
goes many  changes  of  state  during  every  round  of  its  circle, — since  it 
b  decompounded  and  compounded,  in  short,  is  bom,  dies,  and  is  bom 
again, — therefore  its  attendant  semm,  which  suppUes  and  fumishes  it 
with  its  bodily  part,  must  undergo  similar  changes,  and  must  be 
thickened,  adulterated,  and  rendered  obsolete;  so  that  without  sub- 
sequent purification,  it  would  become  incapable  of  returning  into  the 
compages  of  the  blood-globule.  Moreover,  its  discharge  by  the  kid- 
neys, and  by  the  general  evaporatories,  is  at  this  time  precluded :  and 
hence  it  seems  absolutely  necessary,  that  it  should  be  purified  by  organs 
constracted  for  the  purpose,  which  are  placed  close  beside  the  very 
threshold  at  which  the  blood  ascends  to  the  cerebmm,  and  descends  to 
the  body, — ^beside  the  aorta  and  the  carotid  arteries,  from  which  the 
thymic  vessels  sometimes  derive  their  blood  immediately.  See  below, 
note  (/).  Furthermore,  the  thymus  communicates  with  the  mammary, 
mediastinal  and  intercostal  vessels,  in  order  that  nothing  may  be  able 
to  pass  by,  without  this  gland  attracting  it,  suitably  to  its  stracture 
and  office :  for  every  viscus  has  the  power  given  it,  of  summoning 
either  a  large  or  a  small  quantity  of  blood  from  the  common  mass ;  and 
in  fiict,  when  necessity  is  strong,  of  summoning  almost  the  whole  of 
the  blood ;  so  perpetual  are  the  anastomoses  :  wherefore  I  think  I  am 
not  deceived  when  I  affirm,  that  every  member  can  demand  and  derive 
into  it  the  sanguineous  current  of  the  universal  body ;  consequently  a 
quantity  that  will  fulfil  any  want  or  use  :  and  this  is  particularly  the 
case  with  the  thymus  gland,  placed,  as  it  is,  upon  the  heart,  and 
reaching  to  its  primary  entrances.  But  these  very  powers  of  the  viscera 
have  their  limits ;  those,  namely,  which  use  itself  prescribes  and  deter- 
mines. Many  circumstances  contribute  to  prove,  that  the  above  is  the 
function  of  our  gland ;  to  wit,  its  situation,  and  its  prolongation  to  the 
aorta  and  carotid  arteries ;  the  perpetual  necessity  for  the  purification  as 
well  of  the  serum  as  of  the  blood ;  the  mass  of  the  gland ;  its  extent, 
softness,  succulent  and  spongy  character;  its  paly  and  dneritious 
eolor,  shewing  that  it  does  not  absorb  the  red  portion  of  the  blood, 
but  the  white  and  serous  portion :  also  the  analogous  office  of  the  lungs 

VOL.  II.  PART  II.  CHAP.  VI.  V 
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serum^  drawn  off  firoin  the  blood  in  the  intermediate  boundary 
between  the  brain  and  its  body,  and  afterwards  secreted,  the 
thymus  sent  forth  in  a  circle,  and  this,  through  the  mediasti- 
num, the  pleura,  and  the  diaphragm;  and  onwards,  through 
several  other  coverings,  following  the  continuous  fluxion  of  the 
cellulated  structures,  and  the  line  of  connexion  and  communi- 
cation (i).  III.  Thus  it  served  as  a  kind  of  partner  or  com- 
panion in  function  to  the  succenturiate  kidneys,  which  attracted 
this  serum  circulating  through  the  involucra,  and  remitted  it  in 
a  purified  condition  into  the  circle  of  the  blood  (*).    IV.  But 

in  the  second  period  of  life,  (respecdng  which  office,  see  the  Chi^ter 
on  the  Lungs)  :  the  series  of  operations,  stated  in  succession  in  what 
follows;  for  one  thing  supposes  another,  and  the  conclusion  esta- 
blishes the  premises,  inasmuch  as  the  premises  enter  and  qualify  the 
conclusion. 

(t)  The  thymus  transmits  the  superfluous  portion  of  the  serosity, 
-—the  portion  tibat  it  does  not  expend  in  anointing  the  cavities  or  viscera 
of  the  chest, — ^in  a  circle  through  the  cellular  tissue  of  the  pleura ;  and 
in  fact,  of  the  peritonaeum.     See  above,  n.  436,  439. 

(k)  Many  anatomists  have  made  the  observation,  that  almost  all 
the  humors  in  the  body  have  their  circuits.  The  most  general  of  these 
is  that  of  the  blood  through  the  arteries  and  veins.  But  as  the  mass 
of  the  blood  consists  of  red  globules  or  pure  blood,  and  of  a  constantly 
attendant  serum,  hence  this  circle  is  divisible  into  two,  which  may  pro- 
perty be  termed,  general  circles.  The  second  of  these  is  the  circle  of 
the  serum  itself,  which  is  principally  made,  not  through  the  vessels, 
like  the  circle  of  the  blood,  but  through  the  cellular  tissue  of  the  tunics: 
particularly  in  embryos,  in  which  the  serum  serves  instead  of  chyle, 
and  is  intended  for  begetting  and  generating  the  new  blood.  Unless 
thb  were  of  a  refined  character,  it  could  not  possibly  enter  into  coition 
with  the  spirit,  so  as  to  form  the  blood ; — it  could  not  possibly  con- 
summate the  marriage.  For  this  reason,  as  it  seems,  the  thymus  is 
placed  above  the  pericardium,  and  in  the  duplicature  of  the  medias- 
tinum, and  is  prolonged  all  the  way  to  the  trachea ;  so  that  it  may  act 
as  a  corculum  or  little  heart  for  the  serum,  and  maintain  its  circle. 
Corresponding  to  the  thymus  are  the  succenturiate  kidneys  [suprarenal 
capsules],  which  He  at  no  great  distance  from  it,  under  the  diaphragm, 
and  attract  and  absorb  a  quantity  of  the  circulating  serum  firom  the 
same  involucra  or  coverings,  and  after  purification,  remit  it  into  the 
sanguineous  circle.    See  the  Chapter  on  the  Succenturiate  Kidneys, 
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the  blood  thrown  out  by  the  heart  into  the  great  artery,  and 
invited  into  its  neighborhood  for  the  sake  of  having  the  serum 
expunged,  and  now  separated  from  the  more  crude  kind  of 
serum,  it  advanced  and  accelerated  into  the  veins,  and  thus 
through  brief  circles  and  short  cuts,  into  the  inferior  and  supe- 
rior vense  cavoe,  according  to  the  desires  of  the  heart,  the  defi- 
ciency of  blood  coming  through  the  liver,  and  all  changes  in 
the  mother's  state  (Q.    V.  It  prepared  and  laid  down  a  way  for 

where  the  following  words  occur :  **  As  they  [the  renal  glands]  attract 
this  blood  from  the  arteries,  so  also  they  attract  a  large  quantity  of 
senun  from  the  ceUular  coat  of  the  peritonseam,  and  of  the  neighboring 
viscera.  .  .  .  This  is  proved  by  their  place  of  insertion  under  the  dia- 
phragm ;  ...  by  the  permeability  of  the  cellnlar  tissue  of  the  mem- 
branes ;  and  likewise  of  the  coats  which  surround  the  vessels  at  this 
spot ;  by  the  fulness  of  the  same  in  the  foetus,  in  which  these  mem- 
branes abound  in  serum,  which  in  the  foetal  state  serves  instead  of 
chyle.  .  .  .  Thus  the  renal  glands  are  constantly  maintaining  a  circula- 
tion of  the  chyloid  serum  through  the  cellulated  coats  of  the  peritoneeum 
and  its  viscera ;  just  as  the  embryonic  heart  maintains  the  circulation  of 
blood  through  the  vessels ;  and  they  unite  this  nutritious  and  richly 
spirituous  Hquid  to  the  blood,  and  remit  the  product  into  the  san- 
guineous circulation,"  &c.  (n.  275).  Thus  the  thymus  gland  and  the 
renal  glands  should  be  regarded  as  the  two  chambers  of  a  single  heart ; 
one  of  which  chambers  commences  the  circle,  while  the  other  receives 
the  stream  after  the  circle  is  completed,  and  returns  it  into  the  gyre  of 
the  blood.  In  confirmation  of  this,  we  find  that  the  thymus  gland 
and  the  succentoriate  kidneys  or  renal  glands,  have  similar  destinies, 
in  that  they  are  large,  tumid  and  florid  in  their  infancy,  but  contracted, 
emaciated  and  decrepit  in  their  old  age. 

{t)  There  cannot  be  a  shorter  passage  from  the  arteries  into  the 
veins,  than  in  the  upper  region  of  the  thorax,  dose  to  where  the  aorta 
issues  from  the  heart,  and  the  superior  and  inferior  venie  cavee  pass 
into  the  heart ;  which  shews  that  the  desired  quantity  may  always  be 
suppHed  to  the  heart  through  this  channel,  by  means  of  the  invitation 
and  incitation  of  the  thymus  gland.  The  embryonic  state  is  subject  to 
a  number  of  changes,  and  with  it,  the  embryonic  blood.  For  the  blood 
has  to  be  derived  either  from  the  mass  of  its  own  circulation,  or  through 
the  porta  hepatis,  firom  the  body  of  the  mother.  If  haply  the  maternal 
fountain  be  arrested  by  the  affections  of  the  mother's  animal  mind,  or 
by  disease  in  her  body,  or  if  the  stream  should  run  too  slowly,  then 

u2 
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the  chyle  about  to  come  through  the  thoracic  duct^  through  its 
lymphatics  destitute  of  valves^  and  inserted  either  into  the  sum- 
mit of  that  duct,  or  into  the  subclavian  vein ;  and  thus  invited^ 
accustomed  and  inaugurated  the  blood  itself,  and  the  spirit  ac- 
companying it  from  the  brains,  to  the  covenant  of  love,  and 
to  the  marriage  upon  which  it  was  afterwards  to  enter  with  the 
chyle  of  the  body  (m).  But  these  were  charges  that  the  gland 
administered  in  its  truly  Satumian  or  ante-natal  age :  but  after- 
wards, when  the  lungs  took  upon  themselves  the  office  of  purify- 
ing the  serum  of  the  blood,  and  provoked  the  delicate  compages 
of  the  gland  with  external  impetus  and  stormy  motion,  extort- 


the  diminutive  body  of  the  embryo  must  instantly  labor  under  defi- 
ciency of  the  proper  supply ;  in  which  case,  a  sudden  afflux  is  provided 
by  the  short  cut  of  which  we  are  speaking.  Not  that  the  thymus 
gland  transmits  this  blood  through  its  substance,  for  it  is  of  a  whitish 
and  dneritious  color,  and  invites  the  serum  principally :  but  since  the 
serom  of  the  blood  also  attracts  the  blood  itself  into  its  neighborhood, 
(for  the  one  cannot  be  separated  from  the  other  excepting  dose  to  the 
thjnmus  gland,)  therefore  the  blood  is  thrown  back  into  the  veins,  and 
rapidly  into  the  upper  part  of  the  vena  cava,  and  into  the  right  auricle 
of  the  heart.  **  Its  blood-vessels,"  says  Heister,  speaking  of  the  thy- 
mus gland,  **  come  at  one  time  from  either  the  subclavian,  mammary, 
or  mediastinal  vessels;  at  another  time,  from  the  carotids  and  the 
jugulars"  (n.  430). 

(m)  According  to  my  proposition,  the  serum  of  the  blood  in  the 
embryo  corresponds  to  chyle  in  the  adult,  and  the  spirit  must  enter 
into  copulation  with  this  serum,  in  order  that  the  blood  may  be  gene- 
rated from  it ;  and  hence  it  b  necessary  that  there  be  some  gland  to 
proffer  such  chylific  essence  to  the  blood  of  the  jugular  vein  as  it  is 
descending  with  an  abundance  of  spirit  from  the  laboratory  of  the 
cerebrum.  It  will  be  evident  that  this  is  done  by  the  thymus  gland, 
when  we  consider  that  its  lymphatics  are  determined  to  this  precise 
spot ;  and  that  those  vessels,  being  destitute  of  valves,  rather  resemble 
ducts  than  lymphatics.  "  Its  lymphatics,"  says  Heister,  "run  some- 
times to  the  thoradc  duct,  at  other  times  to  the  subclavian  vein,  and 
generally  speaking,  have  no  valves"  (n.  430).  The  chyle  meets  with 
the  spirit  of  the  cerebrum  in  the  subclavian  vein.  See  Part  I.,  the 
Chapter  on  the  Thoracic  Duct,  n.  162,  166  ;  and  the  Chapter  on  the 
Glands  generally. 
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ing  enormous  quantities  of  humor,  then  the  gland,  in  process 
of  time,  abdicated  ahnost  entirely  these  duties  of  itfi  prefecture, 
and  yielded  the  performance  of  them  to  other  members  that 
seized  the  government  of  the  empire. 


Digitized  by  VjOOQ IC 


CHAPTER  VII. 


THE   DIAPHRAGM. 


442.  Heister.  **The  diaphragm  is  a  large,  robust,  muscular 
skin,  transversely  dividing  the  abdomen  from  the  thorax,  and  hence 
called  bj  the  Latins,  septum  transversum.  It  is  situated  obHquely, 
between  the  abdomen  and  the  thorax ;  in  such  a  manner,  that  the  an- 
terior and  right  portion  is  the  higher,  while  the  posterior  portion  in- 
clines considerably  more  downwards.  Its  superior  surface  is  convex ; 
its  inferior  surface,  concave.  It  is  connected  with  the  sternum,  the 
felse  ribs,  the  pericardium,  the  mediastinum,  and  the  lumbar  vertebrae. 
Its  figure  is  commonly  compared  with  that  of  a  racket  basket,  or  of  the 
fish  termed  ray  or  thomback ;  but  transversely  it  is  very  oblong  and 
elliptical.  It  has  in  it  two  lai^  openings ;  one  on  the  left  side,  for  the 
transmission  of  the  oesophagus  and  par  vagum ;  the  other  on  the  right 
side,  for  the  transmission  of  the  inferior  vena  cava :  and  an  interstice 
between  the  two  heads  of  the  inferior  portion  [lesser  muscle],  transmit- 
ting the  aorta,  the  vena  azygos,  and  the  thoracic  duct.  Its  vessels  are 
termed  the  phrenic,  from  the  Greek  fpnv,  signifying  the  diaphragm. 
Its  arteries  arise,  1.  From  the  aorta  or  the  coeliac  artery.  2.  From  the 
subclavian  or  mammary  arteries.  And,  3.  From  the  intercostal  and 
lumbar  arteries.  Its  veins  run  to  the  cava,  the  vena  azygos,  and  the 
subclavian  vein.  Its  nerves  are,  1 .  The  two  great  phrenic  nerves,  aris- 
ing on  each  side  from  the  vertebral  nerves  of  the  neck,  and  which  are 
almost  exclusively  inserted  into  the  diaphragm.  2.  Small  branches 
from  each  intercostal  nerve  and  from  the  par  vagum.  Its  lymphatics 
run  to  the  jugular  vein.  The  diaphragm  is  covered  with  a  membrane, 
derived  on  the  upper  side  from  the  pleura,  on  the  lower  side  from  the 
peritoneeum.  Its  main  body  is  muscular,  of  which  the  superior  portion, 
large  and  elliptical,  arises  from  the  fabe  ribs,  from  the  transverse  mus- 
cles of  the  abdomen,  and  from  the  xiphoid  cartilage ;  and  by  its  tendon. 
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produces  the  neirons  centre  [centrum  nervosum]  of  the  diaphragm,  of 
a  nearly  triangular  figure :  the  inferior  portion  has  two  origins,  namely, 
from  the  lumbar  vertebrae  on  each  side,  and  is  inserted  almost  into  the 
centre  of  the  superior  portion.  (Camp.  Anat.,  n.  257.)  Tab.  iii., 
fig.  13,  exhibits  the  diaphragm  viewed  firom  below;  ...  its  superior 
muscle  arising  by  thick  fleshy  fibres  firom  the  sternum  and  the  carti- 
lages of  the  ribs ;  which  fibres  all  run  towards  the  tendinous  part,  like 
radii  to  a  centre :  the  inferior  muscle,  which  is  in  a  manner  double : 
the  tendinous  part,  or  tendinous  centre,  to  which  the  pericardium  ad- 
heres superiorly,  and  the  tendinous  fibres  of  which,  as  Santorinus  ob- 
serves, decussate  and  wonderfully  interweave  with  one  another  for  the 
sake  of  strength :  the  transverse  elliptical  foramen  in  the  tendinous 
part,  through  which  the  inferior  vena  cava  passes :  the  oblong  foramen 
in  the  fleshy  part,  through  which  the  oesophagus  makes  it  way  to  the 
stomach :  the  space  or  interstice  between  the  two  heads  of  the  inferior 
muscle,  where  the  aorta  descends  from  the  thorax  into  the  abdomen ; 
and  the  thoracic  duct,  and  frequently  the  vena  azygos,  ascend  from  the 
abdomen  into  the  thorax :  also  a  fleshy  portion  that  existed  in  thb  sub- 
ject in  the  tendinous  portion  ;  lastly,  two  muscular  appendages,  which 
are  of  a  very  various  shape  in  different  subjects,  and  are  sometimes 
present  and  sometimes  not.  (Camp.  Anat.,  expl.  tab.  iii.,  fig.  13.)  The 
uses  of  the  diaphragm,  are,  1.  To  assist  in  respiration ;  for  it  is  pressed 
downwards  in  inspiration,  but  upwards,  into  the  cavity  of  the  thorax, 
in  expiration.  2.  To  fiirther  the  motions  of  the  contents  of  the  abdo- 
men, namely,  of  the  stomach,  the  intestines,  the  liver,  the  spleen,  and 
of  the  chyle,  the  bile,  &c.  3.  To  assbt  in  the  expulsion  of  the  faeces 
and  urine,  and  during  parturition,  of  the  foetus,  the  secundines,  &c. 
4.  In  addition  to  the  above,  it  also  transmits  the  intercostal  nerves.'' 
(Comp.  Anat.,  n.  257.) 

443.  WiNSLOW.  "The  diaphragm  is  a  very  broad  and  thin  mus- 
cle, situated  at  the  basis  of  the  thorax,  and  serving  as  a  transverse 
partition  to  separate  that  cavity  from  the  abdomen.  For  this  reason, 
the  Greeks  termed  it  dii^hragma,  and  the  Latins,  septum  transversum. 
It  forms  an  oblique  inclined  arch,  the  fore-part  of  which  is  the  highest, 
and  the  hinder-part  the  lowest,  making  a  very  acute  angle  with  the 
back.  It  is  looked  upon  as  a  double  and  digastric  muscle,  made  up  of 
two  different  portions,  one  large  and  superior,  called  the  great  muscle 
of  the  diaphragm ;  the  other  small  and  inferior,  like  an  appendix  to 
the  former,  called  the  small  or  inferior  muscle  of  the  diaphragm.  The 
great  or  principal  muscle  is  fleshy  in  its  circumference,  and  tendinous 
and  aponeurotic  in  the  middle,  which  for  that  reason  is  commonly 
called  centrum  nerveum  or  tendinosum.     It  must  not,  however,  be 
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imagined  that  this  middle  part  is  of  small  extent,  or  that  it  is  round, 
hecause  anatomists  haye  named  it  the  centre.  ...  It  is  of  considerable 
breadth,  and  somewhat  resembles  a  trefoil  leaf,  supposing  the  part  to 
which  the  footstalk  b  fixed,  to  be  hollowed,  and  that  the  hollow  or  slope 
is  turned  backward,  and  the  middle  convex  part  forward,  and  therefore 
...  I  have  called  it  simplj  the  middle  aponeurosis,  or  aponeurotic 
plane,  of  the  diaphragm.  The  fleshy  circumference  is  radiated  by  the 
disposition  of  the  fibres  of  which  it  is  composed,  and  which  are  attached 
by  one  extremity  to  the  edge  of  the  middle  aponeurosis,  and  by  the 
other  to  all  the  basis  of  the  cavity  of  the  thorax,  where  they  terminate 
by  digitations  at  the  lower  part  of  the  appendix  or  extremity  of  the 
sternum,  at  the  lower  part  of  the  last  of  the  true  ribs,  of  all  the  false 
ribs,  and  at  the  neighboring  vertebrse.  We  have,  therefore,  three  kinds 
of  insertions ;  one  sternal ;  twelve  costal,  six  on  each  side ;  and  two 
vertebral,  one  on  each  side.  These  last  are  very  small,  and  sometimes 
scarcely  perceptible.  The  costal  insertions  join  those  of  the  transversalis 
abdominis,*  but  do  not  mix  with  them,  as  they  seem  to  do,  before  the 
membrane  that  covers  them  is  removed.  I  need  not  mention  here  some 
communicating  fibres  of  the  same  kind  as  those  which  are  found  in 
other  muscles,  as  for  instance,  between  the  obUquus  extemus  and  pec- 
toralis  major.  .  .  .  The  costal  insertions. — The  first  of  these  runs  a 
little  obliquely  on  each  side  towards  the  cartilage  of  the  last  or  seventh 
true  rib,  and  by  the  obhquity  leaves  a  triangular  space  between  this  and 
the  sternal  insertion ;  which  space  is  closed  by  the  meeting  of  the  pleura 
and  peritonaeum,  as  shall  be  shewn  hereafter.  The  insertion  of  these 
fibres  is  very  broad,  and  occupies  about  two  thirds  of  the  cartilage  of 
the  seventh  rib,  and  a  small  part  of  the  end  of  the  bone,  from  which  it 
reaches  beyond  the  angle  of  the  cartilage.  The  second  insertion  b 
along  the  whole  of  the  cartilage  of  the  first  false  rib :  the  third,  partly 
in  the  end  of  the  bone,  and  partly  in  the  cartilage  of  the  second  false 
rib :  the  fourth,  in  the  end  of  the  bone,  and  sometimes  a  Uttle  in  the 
cartilage  of  the  third  false  rib :  the  fifth,  likewise  in  the  end  of  the 
bone,  and  a  Uttle  in  the  cartilage  of  the  fourth  false  rib,  being  broader 
than  the  preceding :  the  sixth,  or  last,  is  in  the  cartilage  of  the  last 
false  rib,  and  almost  through  the  whole  length  of  the  bone.  At  the 
head  of  this  rib  it  joins  the  vertebral  insertion,  which  runs  from  the 
lateral  part  of  the  last  dorsal  vertebra  to  the  first  lumbar  vertebra.  Be- 
tween this  vertebral  insertion  and  the  second  muscle  of  the  diaphragm, 

*  Winslow  says,  obUqvut  intermu  abdominis  (Ed.  Paris,  1732),  bat  this  I 
have  corrected  to  trtmtvertalU  abdominis,  as  Douglas  gives  it  in  his  translation. 
-CTr.J 
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a  small  triangular  interstice  is  sometimes  left,  like  that  which  I  men- 
tioned in  speaking  of  the  first  insertion.  This  insertion,  and  that  in 
the  last  false  rib,  join  the  npper  extremities  of  the  psoas  and  triangu- 
laris or  quadratus  lumborum,  and  send  to  them  certain  communicating 
fibres.  The  common  plane  of  these  last  insertions,  by  the  separation  of 
their  fleshy  fibres,  forms  a  small  hole,  through  which  a  bundle  of  nerves 
passes.  It  is  to  be  observed,  that  the  lateral  insertions  of  the  great 
muscle  of  the  diaphragm  on  the  right  side,  appear  to  be  lower  than 
those  on  the  left  side,  and  that  the  whole  of  the  right  lateral  portion 
of  this  great  muscle  appears  to  be  larger  than  the  left,  because  it  is 
more  arched.  The  small  muscle  of  the  diaphragm  b  thicker  than  the 
other,  but  of  much  less  extent.  It  is  situated  along  the  front  of  the 
bodies  of  the  last  dorsal  vertebrae,  and  of  several  of  the  lumbar  ver- 
tebrse ;  and  is  inclined  a  Uttle  towards  the  left.  It  is  of  an  oblong  form, 
resembling  a  kind  of  fleshy  collar,  the  two  alee  or  lateral  portions  of 
which  decussate,  and  at  length  become  tendinous  toward  the  lower  part. 
The  upper  part  of  the  body  of  this  muscle  is  fixed  in  the  hollow  or 
slope  of  the  middle  aponeurosis  of  the  great  muscle.  The  outer  edges 
of  the  alse  or  lateral  portions  join  the  posterior  planes  of  the  great  mus- 
cle, and  these  portions  are  attached  to  the  body  of  the  last  dorsal  ver- 
tebra. The  extremities,  which  are  abo  called  pillars  or  crura,  are 
attached  below  to  the  lumbar  vertebrae  by  several  tendinous  digitations. 
The  upper  part  of  the  fleshy  body  is  formed  by  a  pecuhar  interweaving 
of  the  fibres  of  the  two  alse.  These  two  alee,  of  which  the  right  is  the 
larger  and  the  more  considerable,  part  from  each  other,  and  form  an 
oval  aperture ;  which  is  terminated  on  the  lower  part  by  fibres  detached 
from  the  inside  of  each  ala,  immediately  above  the  last  dorsal  vertebra. 
These  fibres  interlace  and  decussate  vnth  each  other,  and  afterwards, 
those  that  come  ftom  each  ala  unite  with  the  end  of  the  ala  of  the  other 
side,  so  that  each  of  the  crura  of  this  muscle  is  a  production  of  both 
alee.  .  .  .  Afterwards  the  crura  separate  from  each  other  in  the  manner 
of  a  fork.  The  right  cms  is  larger  and  longer  than  the  left :  it  is  at- 
tached to  the  bodies  of  the  four  first  lumbar  vertebree,  and  often  to  those 
of  all  the  lumbar  vertebree,  by  a  corresponding  number  of  digitations, 
which  become  more  and  more  tendinous  as  they  descend,  and  at  length 
are  expanded  in  the  form  of  an  aponeurosis.  This  cms  Hes  more  on 
the  middle  of  the  bodies  of  the  vertebree  than  on  the  right  side.  The 
left  cms  is  smaller  and  shorter,  and  Hes  more  on  the  left  side  than  on 
the  middle  of  the  bodies  of  the  vertebree.  It  likewise  is  attached  by 
digitations  to  the  bodies  of  the  three  superior  lumbar  vertebree,  seldom 
reaching  lower.  Inferiorly  it  is  expanded  like  the  other  cms,  and  the 
two  expansions  sometimes  touch  each  other.     The  oval  aperture  of  the 
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inferior  muscle  of  the  diaphragm,  affords  a  passage  to  the  extremity  of 
the  oesophagus ;  and  the  interstice  between  the  two  crora  embraces  the 
aorta.  Immediately  above  the  oval  aperture,  a  thin  &sciculus  of  fleshy 
fibres  is  detached  to  the  stcHnach ;  and  I  have  sometimes  observed  a 
similar  but  lai^r  fasciculus  at  the  lower  extremity  of  the  aperture,  de- 
tached from  both  alse,  but  chiefly  from  that  of  the  right  side,  which 
tc^ther  ?dth  certain  tendinous  fibres  from  the  left  ala  appeared  to  run 
to  the  mesentery.  In  the  aponeurotic  plane  of  the  great  muscle,  a  little 
to  the  right  of  the  anterior  part  of  the  slope  or  incisure,  near  the  small 
musde,  there  is  a  round  aperture,  which  transmits  the  trunk  of  the  in- 
ferior vena  cava.  The  border  or  circumference  of  this  opening  is  very 
wonderfully  formed,  by  an  oblique  and  successive  interweaving  of  ten- 
dinous fibres,  almost  like  the  edge  of  a  wicker  basket ;  and  is  conse- 
qu^itly  susceptible  of  neither  dilatation  nor  contraction  by  the  action  of 
the  diaphragm.  We  find,  therefore,  three  considerable  openings  in  the 
diaphragm :  one,  round  and  tendinous,  for  the  passage  of  the  vena  cava ; 
a  second,  oval  and  fleshy,  for  the  extremity  of  the  oesophagus ;  and  a 
third,  bifurcated,  partly  fleshy  and  partly  tendinous,  for  the  aorta. 
The  round  caning  is  to  the  right,  dose  to  the  upper  part  of  the  right 
ala  of  the  small  muscle ;  the  oval  or  stomachic  opening  is  a  little  to  the 
left :  so  that  the  right  ala,  which  is  between  these  two  openings,  lies 
almost  directly  over  against  the  middle  of  the  body  of  the  eleventh 
dorsal  vertebra.  The  tendinous  fork  is  under  the  oval  opening,  but  a 
little  more  toward  the  middle.  (Escp.  Anat.,  TV.  dea  Muaclee,  n.  654 
—672.) 

444.  **  The  left  diaphragmatic  artery  generally  arises  from  the  trunk 
of  the  descending  aorta,  as  it  passes  between  the  crura  of  the  small 
muscle  of  the  diaphragm.  The  right  diaphragmatic  comes  sometimes 
from  the  nearest  lumbar  artery,  but  most  commonly  from  the  coeliac. 
Sometimes  both  these  arteries  arise  by  a  small  common  trunk  imme- 
diately from  the  aorta :  they  are  likewise  called  phrenic  artmes.  They 
appear  almost  always  in  several  ramifications,  on  the  concave  or  lower 
surfiice  of  the  diaphragm,  and  seldom  on  the  upper  or  convex  surface. 
They  give  small  branches  to  the  renal  glands  or  atrabiliary  capsules, 
which  branches  sometimes  anastomose  with  the  capsular  artmes  that 
come  firom  another  part.  They  likewise  send  small  branches  to  the  fat 
which  covers  the  kidneys.  •  •  .  Besides  these  principal  diaphragmatic 
arteries,  there  are  others  of  a  subordinate  character,  which  arise  from 
the  intercostal,  internal  mammary,  mediastinal,  pericardial,  and  coeliac 
arteries.  (Ibid.,  Tr.  dea  Arteres,  n.  172—175.) 

445.  *'  Among  the  anterior  branches  [of  the  third  pair  of  cervical 
nerves],  there  is  one,  which  being  strengthened  by  an  offset  from  the 
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second  cervical  pair,  unites  lower  down  with  another  branch  of  the 
fonrth  pair,  and  thus  forms  the  phrenic  or  diaphragmatic  nerve.  This 
nerve  passes  in  front  of  the  scalenus  muscle,  and  enters  the  thorax  be- 
hind the  anterior  extremity  of  the  clavicle ;  receiving  immediately  after- 
wards a  filament  from  the  first  dorsal  pair,  and  communicating  with  the 
great  sympathetic.  It  runs  down  obliquely  forwards  in  front  of  the 
subclavian  artery,  at  the  side  of  the  par  vagum,  near  the  origin  of  the 
recurrent  nerve.  After  entering  the  thorax,  the  phrenic  nerve  descends 
immediately  in  front  of  the  origin  or  root  of  the  lung,  along  one  side  of 
the  pericardium,  to  which  it  adheres,  and  then  running  a  little  back- 
v^ard,  it  soon  enters  the  diaphragm.  It  is  distributed  by  numerous 
ramifications  on  the  great  muscle  of  the  diaphragm,  sending  also  some 
filaments  to  the  lower  portion,  by  which  it  communicates  with  the  great 
sympathetic  nerve,  and  with  the  neighboring  plexuses  of  the  abdomen. 
The  right  phrenic  nerve  runs  along  the  vena  cava  superior,  and  on  that 
account  appears  to  be  {daced  more  anteriorly  than  the  left.  This  left 
nerve  lies  first  of  all  a  little  backward,  towards  the  trunk  of  the  aorta, 
and  runs  a  longer  course  than  the  right ;  being  bent  in  order  to  pass  by 
that  portion  of  the  pericardium  which  answers  to  the  apex  of  the  heart : 
for  which  reason  it  is  longer  than  the  right  nerve.  From  thence  it  curves 
back,  to  be  distributed  to  the  diaphragm  in  the  same  manner  as  the 
other  nerve."  (Ibid.,  Tr.  des  Ner/a,  n.  191—196.) 
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446.  The  diaphragm  separates  between  the  two  regions^ 
namely^  of  the  thorax  and  abdomen^  forming  an  obliquely 
transverse  partition^  made  up  of  three  layers,  the  uppermost  of 
which  is  the  pleura,  the  lowest  the  peritonaeum,  and  the  middle 
the  proper  muscular  layer  of  the  septum  {a) ;  and  since  the 
pleura  and  peritonaeum  concur  to  frame  this  single  plane,  it 
follows,  that  it  is  in  a  manner  the  conclusion  of  their  works,  in 
which,  as  in  a  sum,  equation,  or  simultaneous  series,  all  those 
things  are  represented  and  seen,  that  take  place,  one  by  one,  in 
the  members  enclosed  in  the  pleura  and  peritonaeum;  those 
things  in  fact  that  have  hitherto  been  brought  forward  in  treat- 
ing of  the  above  members  individually :  for  everything  that  is 
done,  refers  itself  to  the  common  coverings,  and  from  them  to 
the  diaphragm,  there  to  be  concluded,  to  receive  its  seal,  and  to 

(a)  The  first  glance  at  the  description  of  the  diaphragm  given  by 
our  authors,  will  be  sufficient  to  shew^  that  it  is  made  up  of  the  two 
coverings  that  line  the  abdomen  and  the  thorax,  and  that  it  also  con- 
sists of  a  muscular  substance  enclosed  between  those  coverings.  Thus 
the  pleura  comes  upon  this  septum  from  all  points  of  the  circumference, 
and  going  in  continuously  to  the  aponeurotic  centre,  presently  passes 
to  the  pericardium,  and  so  returns  into  its  circle  through  the  medias- 
tinum. The  pericardium,  on  the  other  hand,  is  adherent  to  [all]  points 
of  its  middle  or  triangular  plane.  The  diaphragm  covers  itself  on  the 
opposite  side  with  the  peritonaeum,  which  coming  up  in  like  manner  to 
the  borders  of  its  circumference,  stretches  under  the  entire  plane. 
Hence,  in  respect  of  its  integuments,  the  diaphragm  is  nothing  more 
than  the  union  of  the  two  coverings,  consequently,  the  inter-partition 
of  the  two  chambers. 
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find  its  level  {b).  Inasmuch^  then^  as  this  septum  is  as  it  were 
the  complement,  the  last  line,  and  the  very  union,  of  all  the 
septa  of  the  viscera,  so  is  it  also  of  all  their  offices.  Now  since 
the  indications  of  these  offices  are  visibly  imprinted  upon  it  by 
many  sigq^,  it  will  furnish  an  important  means  of  testing  the 
truth  [of  our  Analyses],  if  we  institute  an  examination  at  this 
stage,  and  in  the  diaphragm,  as  a  summary  of  things,  consider 
whether  one  and  the  same  [general]  harmonizes  with  all  those 
[particulars]  that  have  already  been  elicited,  and  brought  toge- 
ther from  a  wide  field  of  materials,  in  these  two  Parts  of  our 
Work.     In  this  manner  let  us  draw  to  a  conclusion. 

44:7.  The  diaphragm  not  only  unites  in  one  the  common 
coverings  of  the  whole  body;  and  mediately,  through  them, 
their  viscera ;  and  mediately  again  the  parts  of  these  viscera, 
down  to  the  very  innermost ;  but  it  also  unites  them  imme- 
diately, and  seals  them  up  with  its  own  seals,  by  bands  de- 
tached from  its  plane,  in  order  that  they  may  all  be  in  ultimate 
concord;  that  is  to  say,  immediately,  the  stomach,  the  liver, 
the  mesentery,  and  the  [succenturiate]  kidneys  {c) ;  and  some- 

(5)  These  points  will  be  better  understood  from  the  iQustrations 
furnished  by  the  sequel. 

(c)  With  respect  to  the  stomach,  it  lies  directly  under  the  dia- 
phragm^ so  that  the  latter  is  in  contact  with  it  at  many  points,  every 
time  that  it  undergoes  expansion  or  elevation.  Furthermore,  the 
stomach  is  closely  united  to  the  diaphragm  by  the  oesophagus,  which 
passing  through  the  orifice  between  the  crura  of  the  lesser  or  inferior 
muscle,  flows  immediately  into  its  stomach,  and  serves  the  same  pur- 
pose as  a  ligament ;  for  no  sooner  has  it  entered,  than  it  is  circumfused 
over  the  surfaces  of  the  stomach ;  and  indeed,  it  even  carries  down 
with  it  a  number  of  moving  or  tendinous  fibres,  from  the  proper  sub- 
stance of  the  diaphragm.  ''  The  oval  aperture  of  the  inferior  muscle 
of  the  diaphragm,"  says  Winslow,  *'  afibrds  a  passage  to  the  extremity 
of  the  oesophagus.  .  .  .  Immediately  above  the  oval  aperture,  a  thin 
fasciculus  of  fleshy  fibres  is  detached  to  the  stomach"  (n.  443).  And 
again  he  says  in  another  place,  ''  The  first  or  external  coat  [of  the 
stomach]  is  simply  membranous,  being  one  of  the  internal  prolonga- 
tions or  continuations  of  the  peritonaeum.  This  appears  evidently  at 
the  connexion  of  the  superior  orifice  with  the  diaphragm,  where  the 
external  coat  of  the  stomach  is  really  continuous  with  the  membrane 


Digitized  by  VjOOQ IC 


303  THE    ANIMAL   KINGDOM. 

times  the  lungs ;  but  mediately^  the  pancreas^  the  spleen^  the 
intestines^  and  the  bladder  {d) ;  all  of  which,  it  fastens  up  and 
watches  over,  exactly  according  to  the  peculiar  cause  which  they 
undertake  in  the  unanimous  society  (e).    But  these  are  external 

that  lines  the  inferior  surface  of  the  diaphragm"  (n.  88).  As  regards 
the  liver,  it  is  conjoined  to  the  diaphragm  in  the  closest  bonds  by  means 
of  a  ligament.  "  The  middle  ligament,"  says  Winslow,  "  begins  below, 
in  the  great  fissure  of  the  liver,  near  the  eminences  called  portse,  and 
passes  ...  to  the  convex  part  of  the  liver,  and  is  obliquely  attached  to 
the  diaphragm.  .  •  •  The  liver  is  Ukewise  connected  to  the  diaphragm, 
not  by  ligament,  but  by  a  broad  and  immediate  adhesion,  without  the 
intervention  of  the  peritonaeum,"  &c.  (n.  194).  The  m^^^^  is  in 
fact  brought  off  from  the  peritonaeum  about  the  lower  part  of  the  dia- 
phragm ;  and  in  the  same  place  stands  its  cbtem,  the  receptaculum 
chyli,  and  the  thoracic  duct  also  there  commences  its  upward  course. 
Respecting  the  immediate  communication  of  the  diaphragm  with  the 
mesentery,  by  means  of  fibres,  Winslow  says,  "  A  thin  fasciculus  of 
fleshy  fibres  is  detached  to  the  stomach;  and  I  have  sometimes  observed 
a  similar  but  larger  fasciculus  at  the  lower  extremity  of  the  [oval]  aper- 
ture, detached  from  both  alae,  but  chiefly  from  that  of  the  right  side, 
which  together  with  certain  tendinous  fibres  from  the  left  ala  appeared 
to  run  to  the  mesentery"  (n.  443).  With  respect  to  the  connexion  of 
the  reHol  capnUeg  with  the  diaphragm,  see  £ustachius  as  dted  in  the 
Chapter  on  the  Succenturiate  Kidneys,  n.  270. 

(d)  Respecting  the  manner  in  which  these  viscera  are  connected  to 
the  peritonaeum  by  ligaments,  see  the  analytical  expositions  in  Part  I. 
<rf  this  Work. 

(e)  The  reader  will  find  this  illustrated  in  the  Chapter  on  the  Peri- 
tonaeum, where  the  following  words  occur:  '^The  members  of  the 
abdomen  are  kept  bound  and  guarded  by  the  general  bond  of  the  peri- 
tonaeum, and  by  the  still  more  general  bond  of  the  diaphragm,  closely 
and  thoroughly,  in  proportion  to  their  priority  of  place,  .  .  .  and  to 
their  usefulness  in  the  kingdom ;  and  this,  according  to  the  cause  which 
they  undertake  in  the  unanimous  society.  On  this  account,  the  stomach, 
the  liver,  and  the  renal  capsules,  are  connected  to  both  bonds  in  the 
closest  manner ;  but  the  pancreas,  the  spleen  and  the  omentum,  not  so 
closely :  most  closely  also,  the  receptaculum  chyli,  the  thoracic  duct, 
the  aorta  and  the  vena  cava,  the  emulgent  and  spermatic  vessels.  From 
this  common  obligation  or  bond,  that  is  to  say,  from  the  ligaments  put 
forth  by  the  peritonaeum  and  the  diaphragm,  we  may  infer  and  under- 
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bonds,  which  the  diaphragm  puts  forth  in  conjunction  with  the 
pleura  and  peritonseiun  from  the  outermost  to  the  innermost 
parts  of  the  viscera :  there  are  also  internal  bonds,  which,  in 
order  that  all  things  may  conspire,  it  transmits  and  immits  by 
the  opposite  way,  from  the  innermost  to  the  outermost,  so  as  to 
meet  the  former ;  I  mean  the  nerves  of  the  par  vagum,  which 
it  conducts  along  with  the  oesophagus,  between  the  thighs  of  its 
lesser  muscle,  through  the  oval  orifice  formed  by  their  divarica- 
tion (/) ;  and  the  great  intercostal  nerves  through  the  crura  of 

standi  what  authority  each  organ  possesses  as  a  member  in  the  empire ; 
and  from  the  influx  of  blood  through  the  vessels,  we  may  infer  what 
the  same  organ  administers,  and  what  dignity  and  purple  it  wears. 
The  organic  parts  likewise,  as  the  glands,  and  other  similar  minute 
structures  in  the  remote  recesses  of  the  several  viscera,  communicate 
by  capsules,  vessels,  and  nerves,  with  the  common  integument,  and 
thereby  with  the  peritonaeum  and  the  diaphragm, — each  according  to  the 
dignity  of  its  cause  and  office"  (n.  321).  See  also  the  annotations  to 
the  above  passage. 

(/)  The  nervous  fibres  and  the  blood-vessels  go  all  the  way  to  the 
innermost  parts,  and  weave  the  organic  forms,  inasmuch  as  they  are 
determinant  of  the  universal  essences,  according  to  what  we  laid  down 
above  in  the  Chapter  on  the  Peritonaeum :  but  the  very  fabrics  con- 
structed by  them  are  none  other  than  the  organic  substances  to  which 
the  diaphragm,  the  peritonaeum,  and  the  pleura  pass,  by  an  external 
way.  At  first  sight,  indeed,  it  might  appear  as  if  the  diaphragm  and 
the  other  coverings  flowed  in  by  the  same  way  through  the  vessels  and 
the  nerves,  as  through  the  ligaments  and  the  sheaths  or  capsules, 
namely,  from  without  to  within,  for  it  acts  upon  the  nervous  trunks 
and  great  arteries,  which  ramify  to  the  innermost  parts.  But  if  we 
duly  remember  that  the  fibres  and  vessels,  in  the  field  of  their  lesser 
forms,  are  what  govern  their  branches  and  trunks,  or  invite  from  them 
the  blood,  (as  we  had  occasion  to  observe  in  the  vascular  reticulations 
of  the  lungs,  and  as  indeed  is  the  case  aU  over  the  body,)  it  will  be- 
come perfectly  evident,  that  the  diaphragm  and  the  common  tunics  are 
only  the  mediate  and  auxiliary  causes  of  the  influx  of  those  essences 
which  are  demanded  by  the  innermost  parts.  Not  so,  however,  the 
membranes,  which  proceeding  from  the  diaphragm  and  the  peritonaeum, 
and  acted  upon  in  a  general  manner  by  the  lobes  of  the  lungs,  pass 
uninterruptedly  from  the  surface  to  the  centres  :  but  of  these  subjects 
we  shall  speak  at  greater  length  in  another  place.     We  treated  of  the 
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the  same  muscle,  but  which  crura  exhibit  a  further  opening 
beside  the  vertebrae,  and  decussate  with  each  other  as  they 
descend  {ff) ;  likewise  the  great  artery,  which  it  binds  down  by 

passage  of  the  cesophagus  and  par  vagom  through  the  diaphragm,  in 
the  Chapter  on  the  Pharynx  and  (Esophagus,  and  in  the  Chapter  on 
the  Stomach.  ''  It  [the  diaphragm]/'  says  Heister,  "  has  in  it  two 
large  openings;  one  on  the  left  side,  for  the  transmission  of  the  oeso- 
phagus and  par  vagum"  (n.  442).  Respecting  the  manner  in  which 
this  wandering  and  erratic  nerve  descends  along  the  oesophagus,  and 
just  above  its  insertion  into  the  stomach,  makes  a  circular  bend,  and 
passing  through  the  [above]  opening,  throws  itself  upon  the  stomach, — 
lastly,  respecting  the  manner  in  which,  with  the  great  intercostal,  it 
forms  the  mesenteric  plexuses,  see  the  works  of  those  authors  who 
have  treated  expressly  of  the  nervous  system.  One  thing  must  here  be 
observed,  namely,  that  the  oesophagus,  attended  by  this  nerve,  passes 
through  the  fleshy  part  of  the  diaphragm,  close  to  the  very  origin  of 
the  lesser  muscle,  and  where  it  is  most  robust,  and  divaricates  into  its 
two  crura.  From  which  [passage  or]  insertion,  it  appears,  that  every 
time  the  diaphragmatic  muscle  acts,  it  exerts  its  greatest  force  upon 
this  nerve,  as  well  as  upon  the  oesophagus,  but  by  mere  constriction, 
like  the  nipping  action  of  a  pair  of  forceps  or  a  fork :  and  this,  for  a 
reason  that  will  be  explained  presently,  in  order  that  it  may  pour  all 
the  pulmonic  force  upon  this  nerve,  and  so  upon  all  its  branches ;  and 
thus  propagate  that  corporeo-vital  motion  into  the  innermost  parts  of 
the  viscera. 

(g)  The  lesser  diaphragmatic  muscle  is  at  least  double,  both  in  its 
origin,  and  in  its  progress  and  termination ;  but  the  two  muscles  of 
which  it  is  composed,  meet,  and  decussate  and  interweave  with  each 
other  in  various  places,  and  in  this  manner  form  the  apertures  through 
which  the  nerves  and  vessels  are  transmitted,  as  well  as  the  thoracic 
duct.  It  is  impossible  from  descriptions  alone  to  form  a  correct  idea  of 
the  separations  and  connexions  between  these  muscles  :  the  reader  must 
have  recourse  to  anatomical  plates ;  and  of  all  the  representations  of 
the  diaphragm,  the  best,  in  my  opinion,  is  that  of  an  anonymous 
French  Commentator  upon  Heister  [VAnatomie  (THeister,  &c.,  pi. 
xiv.,  fig.  I;  Paris,   1735],*  inasmuch  as  it  accurately  expresses  the 

*  The  plate  to  which  Swedenborg  allades  is  found  in  a  French  tFanslation  of 
Heiater'fl  Compendium  Anatomieum^  accompanied  with  a  Commentary.  This  work 
is  entitled,  VAnatonue  d^ Heister,  avee  dee  EteaU  de  Physique  sur  r  Usage  des 
Parties  dm  Corps  Humain,  et  sur  le  Michanisme  de  leurs  Mouvemens,    Enriehie  de 
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the  pleura  and  peritonseum :  thus  it  transmits  all  those  fibres 
that  bring  the  spirit^  and  all  those  vessels  that  bring  the  bloody 
and  that  penetrate  in  both  eases  to  the  innermost  parts  of  the 
viscera,  and  sends  them  away  to  the  centres  (A).  Thus  the  dia- 
phragm fulfils  all  conditions,  and  carefully  provides  that  the 
outermost  things  shall  conspire  with  the  innermost,  and  the  in- 
nermost with  the  outermost.  Moreover  it  collects  in  a  manner 
into  one  the  blood  returning  from  the  viscera,  and  the  spirit 
along  with  it,  and  conveys  them  by  two  ways  into  the  right 
auricle  of  the  heart ;  for  it  carries  the  inferior  vena  cava  through 
a  kind  of  round  door  in  the  aponeurotic  space,  just  above  the 
lesser  muscle  (i),  and  the  vena  azygos  through  the  bifurcated 

minute  difTerences,  and  particular  determinations,  of  the  moving  fibres. 
From  this  plate,  and  indeed  from  the  best  and  most  elaborate  delinea- 
tions of  other  anatomists,  we  see  how  the  crura  of  this  muscle  expand 
in  divers  ways,  entwine  with  each  other,  spUt  asunder  again,  and  ulti- 
mately divide  into  a  number  of  pedicles  ;  and  how  by  this  means  they 
fasten  with  a  fibrous  embrace  upon  the  ducts  passing  through  them. 
Besides  this  most  general  fastening,  the  pleura  also,  and  lastly  the 
peritonaeum,  cover  these  vessels  and  nerves. 

(A)  See  note  (/),  just  above. 

(t)  Certain  remarkable  phenomena  present  themselves  about  the 
passage  of  the  vena  cava  through  the  aponeurotic  centre  of  the  dia- 
phragm ;  1  mean,  that  the  diaphragm  ties  the  vein  round  with  a  peculiar 
tendinous  circle  or  sphincter,  and  afi;er  having  thus  bound  it  down  to 
itself,  carries  it  onwards  towards  the  right  auricle  of  the  heart.  This 
netted  crown  or  wicker  texture  bestowed  upon  the  vein  by  the  diaphragm, 
is  beautifiilly  described  by  Landsi. '  1  shall  attempt  to  give  a  reason 
for  it  in  the  following  pages ;  meanwhile,  1  will  present  the  reader  with 
Winslow's  description  of  it.  "  In  the  aponeurotic  plane  of  the  great 
muscle/*  says  he,  "a  little  to  the  right  of  the  anterior  part  of  the 

Nowfellea  Figures,  &c. ;  8vo.,  Paris,  1724;  Ed.  2,  1735.  The  author  of  it  (the 
''anonymous  French  Commentator")  was  the  celebrated  M.  Jean  Senac.  (See 
Eby,  JHcU  HUL  de  la  Midecine,  art.  Senae,  Paris,  1778;  and  Haller,  Biblio- 
theea  Anatomieay  tom.  ii.,  p.  158,  Hguri,  1777.)  He  also  wrote  a  Memoire  tur  U 
Diaphragme  in  the  Mem,  de  VAead,  Boy.  dee  Sciences,  1729  ;  p.  118—134.  The 
same  plate  occurs  in  this  MemoirCf  but  with  a  more  foU  and  accurate  lettering  than 
in  the  before-mentioned  work.  M.  Senac  was  the  first  who  discovered  and  figured 
(tab.  dt.)  the  ligamenta  arcuata  externa  and  interna  of  the  diaphragm :  he  terms 
them,  arcades  tendineuses,  and  has  given  a  very  accurate  description  of  them. — (TV.) 
VOL.  II.  FART  II.  CHAP.  VII.  X 
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extremity  of  that  musde ;  in  order  that  the  blood  of  the  former 
may  flow  into  the  right  anricle  of  the  hearty  below;  the  blood 
of  the  latter  into  the  same  auricle^  above ;  and  it  also  gives 
conduct  to  the  thoracic  duct. 

448.  As  the  diaphragm  is  the  most  general  ligament  and 
uniting  medium  of  all  the  members  of  the  whole  body,  and  of 
their  oi^nic  substances,  so  it  is  the  general  directory  and 
uniting  medium  of  all  their  forces,  motions,  offices,  aud  uses, 
in  short,  of  aU  their  accidents;  for  the  fluxion  of  operations 
takes  place  according  to  the  nexus  and  order  of  substauces ;  the 
paths  along  which  operations  flow,  are  determined  and  marked 
out  by  the  continuity  and  forms  of  substances  (k).  Hence  it  is, 
that  the  diaphragm  primarily  transmits  and  eflPiises  the  pul- 
monic actions  into  the  viscera  of  the  abdomen,  and  into  the 


slope  or  incisure,  near  the  small  muscle,  there  is  a  romid  aperture,  which 
transmits  the  trunk  of  the  inferior  vena  caya.  The  border  or  circum- 
ference of  this  opening  is  very  wond^r^y  formed,  by  an  oblique  and 
successive  interweaving  of  tendinous  fibres,  almost  like  the  edge  of  a 
wicker  basket ;  and  is  consequently  susceptible  of  neither  dilatation  nor 
contraction  by  the  action  of  the  diaphragm"  (n.  443).  But  the  vena 
azygos  terminates  in  the  superior  vena  caya.  Thus  the  diaphragm  by 
these  means,  [namely,  by  the  vena  azygos  and  the  inferior  vena  cava,] 
Gommunicates  with  the  whole  right  auricle  of  the  heart. 

(k)  It  is  well  known  that  substances  are  the  subjects  of  all  acci- 
dents, and  that  nothing  whatever  that  is  referable  to  the  class  of  acci- 
dents, can  exist  apart  from  substances  by  which  to  flow  or  proceed. 
Since  then  forces,  motions,  operations  and  actions,  are  nothing  more 
than  series  of  accidents  and  modes,  hence  they  cannot  possibly  be  ex- 
plored, excepting  by  virtue  of  the  organic  nexus  of  substances.  Thus 
if  we  intend  to  deduce  the  causes  and  effects  of  things  from  anatomy, 
or  contrariwise,  the  effects  and  causes,  it  will  be  necessary  to  follow  the 
organic  substances  step  by  step,  and  at  the  same  time  to  conceive  that 
there  is  a  series  of  accidents  and  motions,  consequently  of  effects,  cor- 
responding to  the  series  of  substances.  I  am  not  at  present  aware  that 
there  is  any  readier  way  of  investigating  this  class  of  truths.  Be  it 
remembered,  however,  that  it  is  necessaiy  to  bestow  the  mind's  most 
concentrated  attention  upon  the  nexus  of  things  consecutive  and  coex- 
ntent,  and  not  alone  upon  the  nexus  of  one  series  or  viscus,  but  upon 
those  of  many  series,  and  in  the  end,  of  all. 
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genital  members  beneath  the  abdomen  (1),  hj  means  of  its  peri- 
tonaeum; also  above  itself,  into  the  heart,  its  auricles,  arteries, 
and  veins;  and  indeed  by  reaction,  into  the  spinal  marrow,  the 
cerebellum,  and  the  cerebrum  (m) :  and  thus  calls  together  into 
one,  members  dissociated  in  situation,  and  brings  their  dissen- 
tient wills  under  one  spirit,  and  in  this  manner  conjoins  them. 
On  account  of  the  necessity  of  this  end,  and  of  the  effects  re- 
sulting from  it,  the  diaphragm,  1.  Adapts  itself  evenly  and 
exactly  to  the  concave  surfSace  of  the  lungs,  by  a  corresponding 
convexity  and  elevation  (n).  2.  It  receives  the  influx  of  its 
lungs,  by  the  mediastinum  anteriorly,  by  the  pericardium  in 
the  middle,  and  by  the  vertebral  ligament  posteriorly ;  thus  it 
receives  their  influx  mediately  (o).    As  it  applies  to  itself  the 

(0  By  the  processes  of  peritonseum  that  go  to  the  genital  mem- 
bersy  and  of  whieh  we  spoke  in  the  Chapter  on  the  Peritonaeum 
(n.  321  c). 

(m)  This  subject  was  treated  of  in  the  Chapter  on  the  Pleura,  &c., 
where  it  was  shewn,  that  the  pleura  reacts  upon  the  spinal  marrow,  to  the 
same  extent  that  it  is  acted  upon  by  the  nerves  from  the  spinal  marrow 
(n.  424,  «).  Something  similar  may  be  said  of  the  diaphragm,  which  is 
not  only  attached  to  the  vertebrae,  but  moreover  transmits  the  nerves  of 
the  par  vagnm,  which  are  nerves  of  the  cerebellum,  and  receives  its 
own  phrenic  nerves  from  the  cerricals. 

(it)  We  all  know  that  the  concave  surfiu^e  of  the  longs  is  adapted 
to  the  convex  surftce  of  the  diaphragm,  and  sometimes  closely,  as  in 
brutes.  ''Their  figure,''  says  Heister,  speaking  of  the  lungs,  *'• .  •  is 
•  •  •  concave  inferiorly"  (n.  385).  On  the  other  hand,  he  says  of  the 
dii^hragm,  that  ''  Its  superior  sur^Eu^e  is  convex*'  (n.  442).  Hence 
the  applicability  of  the  one  to  the  other. 

(o)  It  was  shewn  above  in  the  Chapter  on  the  Lungs,  and  in  the 
Chapter  on  the  Pleura,  &c.,  that  the  mediastinum  is  connected  to  the 
diaphragm  in  front,  immediately  behind  the  sternum;  and  that  the 
mediastinum  passing  down  around  the  pericardium,  is  reflected  round 
the  drcnmference  of  the  tendinous  space  of  the  diaphragm,  so  as  to 
become  continuous  with  the  pleura ;  and  likewise  that  the  pulmonary 
ligament,  beside  the  vertebrae,  reaches  nearly  to  the  diaphragm^  Hence, 
since  the  external  or  common  surfrce  of  the  lungs  in  continuous  with 
the  mediastinum  and  the  pleura,  and  not  <Hily  die  external  [surface] 
but  also  the  intimate  substance  of  the  lungs  is  continuous  with  the 
pericardium,  and  all  these  with  the  diaphragm, — ^it  follows,  that  the 

x2 
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lungs,  that  is,  the  pulmonic  actions,  by  this  way,  so  it  applies 
to  itself  the  actions  of  the  thorax  upon  the  lungs,  by  another 
way ;  namely,  3.  By  the  continuity  and  the  imition  of  its  plane 
with  the  xiphoid  cartilage,  with  the  seventh  true  rib,  with  all 
the  false  ribs,  with  the  last  dorsal  vertebra,  and  by  tendons, 
with  the  lumbar  vertebrae  succeeding  the  dorsal  (p) :  with  the 
lowest  muscles  of  the  thorax,  and  with  the  highest  muscles  of 
the  abdomen,  and  with  others  that  are  in  action  while  the  lungs 
are  respiring  {q) :  these  it  enters  and  connects  not  only  with  its 

lungs  are  continuous  with  the  diaphragm  by  this  threefold  and  very 
ample  mediation;  and  that  from  this  circumstance  communications 
arise,  that  may  be  called  internal,  inasmuch  as  they  are  with  the  lungs 
themselves. 

(p)  The  communication  of  the  diaphragm  with  the  thorax,  that  is 
to  say,  with  the  ribs  and  muscles  thereof,  requires  to  be  closer  and 
more  immediate  than  with  the  lungs,  in  order  to  enable  it  to  perform 
the  office  of  a  general  ligament ;  for  the  lungs,  as  was  shewn  above, 
are  excited  in  correspondence  to  every  active  state  of  the  thorax,  and 
particularly  in  correspondence  to  the  impulses  of  the  diaphragm  mani- 
fested in  words  and  sounds,  the  giving  forth  of  which  is  almost  ex- 
clusively the  work  and  province  of  the  diaphragm.  Winslow  speaks  at 
considerable  length  of  the  immediate  connexion,  or  rather  continuation, 
[of  the  diaphragm  to  the  thorax],  "We  have,"  says  he,  "...  three 
kinds  of  insertions  [of  the  fleshy  circumference  of  the  diaphragm] ; 
one  sternal ;  twelve  costal,  six  on  each  side  ;  and  two  vertebral,  one  on 
each  side,"  &c.  &c,  (n.  443).  And  Heister  remarks,  after  speaking 
of  the  upper  false  ribs,  that  "  The  anterior  extremities  of  the  others 
[i.  e,  the  lower  false  ribs]  are  loose  and  free,  lying  between  the  muscles 
of  the  abdomen  and  the  diaphragm"  (n.  414).  Thus  not  a  single  part 
of  the  costal  grate  or  framework,  can  be  moved,  without  the  efi^ect 
being  communicated  in  the  end  to  the  diaphragm,  which  receives  the 
last  series  of  motions,  and  reduces  them,  as  beseems  a  common  liga- 
ment, from  particular  and  plural  series  to  a  general  and  single  series. 

(q)  That  is  to  say,  with  certain  of  the  abdominal  muscles ;  with 
the  quadratus  lumborum,  the  psoas;  also  with  the  pectoralis,  and 
others.  "  The  costal  insertions  [of  the  diaphragm],"  says  Winslow, 
"join  those  of  the  transversalis  abdominis,  but  do  not  mix  with 
them.  ...  I  need  not  mention  here  some  communicating  fibres  of  the 
same  kind  as  those  which  are  found  in  other  muscles,  as  for  instance, 
between  the  obliquus  extemus  and  pectoralis  major.  .  .  .  [The  verte- 
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pleura  and  peritoiweum,  but  also  with  the  fibres  of  its  own 
proper  moving  life.  4.  Not  to  mention  the  relationships  it  esta- 
blishes with  the  viscera  of  the  abdomen,  by  the  ligaments,  the 
transmission  of  the  oesophagus,  of  the  par  vagum,  the  aorta, 
the  vena  cava  inferior,  and  the  vena  azygos,  and  of  which  we 
spoke  in  the  last  paragraph.  6.  To  this  end  may  be  referred 
the  immediate  contact  between  the  pleura  and  the  peritonaeum, 
in  the  interstices  devoid  of  muscular  substance,  between  the 
sternum  and  the  [last]  true  rib,  and  between  the  crura  and 
pedicles  of  its  lesser  muscle  (r).  All  these  circumstances  prove, 
that  the  diaphragm  acts  entirely  under  the  auspices  of  the 


bral]  insertion,  and  that  in  the  last  false  rib,  join  the  upper  extremities 
of  the  psoas  and  triangularis  or  quadratas  lumborum,  and  send  to  them 
certain  communicating  fibres"  (n.  443).  See  also  the  citation  from 
Heister  immediately  above  (p), 

(r)  The  only  inference  that  can  be  drawn  from  this  immediate  con- 
junction between  the  pleura  and  the  peritonaeum  in  the  interstices,  is, 
that  any  action  imprinted  upon  the  one^  must  pass,  by  means  of  the 
contiguity,  into  the  other ;  and  that  in  this  way  the  diaphragm  per- 
forms the  office  of  a  mediation  of  the  most  general  kind.  The  other 
parts  of  this  plane  are  dosed  by  the  muscular  layer.  Thus  this  con- 
junction or  union  appears  to  be  instituted,  in  order  that  the  mediation 
may  not  be  dependent  altogether  upon  the  action  of  the  muscle,  or 
upon  the  influx  thereinto  of  the  nervous  fibres.  There  are  certain 
interstices  devoid  of  the  muscular  layer,  in  which  the  membranes 
coalesce ;  one  in  front,  of  considerable  size,  about  the  connexion  of  the 
diaphragm  with  the  sternum  and  the  last  true  rib,  and  which  is  ad- 
mirably expressed  in  the  delineation  given  by  the  anonymous  French 
Ck)mmentator  upon  Heister  \_0p,  Cit.,  pi.  xiv.,  fig.  1,  d  d]  :  and 
there  are  other  interstices  between  the  divarications  of  the  crura  of  the 
lesser  muscle,  at  the  places  where  the  oesophagus,  the  aorta,  the  vena 
azygos,  and  the  thoracic  duct,  are  transmitted.  ''The  first  of  the 
[costal  insertions],"  says  Winslow,  "  runs  a  little  obliquely  on  each  side 
towards  the  cartilage  of  the  last  or  seventh  true  rib,  and  by  the  obliquity 
leaves  a  triangular  space  between  this  and  the  sternal  insertion ;  which 
space  is  closed  by  the  meeting  of  the  pleura  and  peritonaeum.  .  .  .  Be- 
tween the  vertebral  insertion  and  the  second  muscle  of  the  diaphragm, 
a  small  triangular  interstice  is  sometimes  left,  like  that  which  I  men* 
tioned  in  speaking  of  the  first  insertion"  (n.  443). 
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lungs^  and  that  it  bears  sway,  as  the  most  general  nniting  me- 
dium, in  the  nniversal  body. 

449.  The  diaphragm  is  not  only  a  membrane,  but  also  a 
spacious  muscle,  clothed  and  robed  by  the  pleura  and  perito- 
naeum, and  thus  compounded  of  two  natures,  of  which  one  is 
passive,  the  other  active  («),  and  the  union  of  which  results  in 
its  power  intermediate  between  passive  and  active,  in  short, 
reactive.  It  derives  its  active  power  from  the  biventral  muscle, 
and  its  passive  power  from  the  tunics  covering  its  two  sides.  In 
order  that  it  may  distinctly  exercise  both  these,  its  characteristic 
forces,  it  allows  itself  to  be  acted  upon  by  the  lungs,  the  mus* 
cles,  the  ribs,  and  the  vertebrse,  by  means  of  the  pleura  and 
peritonseum ;  and  according  to  the  particulars  of  this  action,  to 
which  it  is  accommodated,  reacts  by  means  of  its  muscle,  and 
of  the  influx  of  the  phrenic  nerve  into  the  fibres  thereof.  Hence 
the  diaphragm  never  acts  excepting  when  acted  upon  by  causes 
arising  in  the  body :  thus  it  concurs  with  the  will  in  inspiration, 
and  with  nature  in  expiration,  and  like  a  spring,  regulates,  and 
mediates  between,  the  reciprocations  (/).  For  this  reason,  1. 
Its  nerves,  termed  the  phrenic,  arise  from  the  trunks  of  the 

(«)  It  is  well  known  that  the  membranes  are  endowed  with  a  passive, 
and  the  muscles  with  an  active  power.  Reactive  power  does  not  result 
from  passive  power  alone,  but  from  passive  and  active  combined.  Hence 
it  will  be  right  to  conceive,  that  the  membranes  of  the  diaphragm  simply 
suffer  themselves  to  be  acted  upon,  but  not  so  the  muscles.  The  case 
is  different  in  the  pleura  and  peritonieum,  which  although  destitute  of 
muscular  fibre,  still  possess  the  power  of  reacting.  This,  however, 
they  derive  from  their  close  unition  with  the  ribs,  with  the  costal  mus- 
cles, and  with  many  of  the  pectoral  and  abdominal  muscles ;  also  firom 
their  arterial  networks,  which  beset  the  parietes  of  their  trabecular  cel- 
lular tissue ;  and  at  the  same  time,  firom  the  lymph  that  distends  the 
cells,  as  we  observed  in  the  Analysis  of  the  Fleura.  And,  indeed, 
something  not  dissimilar  occurs  in  the  diaphragm ;  for  its  cellular  tissue, 
which  follows  the  pleura  and  peritonaeum,  is  likewise  here  succeeded 
by  muscular  fibre :  thus  shewing  that  the  same  system  of  causation  pre- 
vails universally. 

(t)  It  would  be  useless  to  stop  to  prove  these  statements  at  present, 
inasmuch  as  they  are  involved  in  the  proof  of  what  is  to  follow,  and 
will  be  established  along  with  it. 
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first  four  cervical  nerves^  hence  also  from  the  trunks  of  the 
brachial  nerves,  and  descend  behind  the  anterior  extremity 
of  the  clavicle  into  the  chesty  and  afterwards  behind  the  upper 
ribs^  in  front  of  the  origin  or  root  of  the  lungs,  and  then  ad- 
hering to  the  mediastinum  of  the  pericardium,  run  down  into 
the  great  muscle  of  the  diaphragm  {u).  2.  The  same  nerves  in 
different  parts  of  their  course,  and  in  the  diaphragmatic  plane 
itself,  unite  with  the  twigs  and  fibres  of  the  par  yagum  and 
great  intercostal  nerves,  as  natural  things  Vith  Toluntary  (a?). 

(«)  Yieussens  [Neuropr,  Univ.,  lib.  iii.,  cap.  vii.,  and  tab.  xziv., 
m  and  «]  and  Morgagni  [Adoers.  Anat.  v.,  Anim.  xi.,  ad  fin.]  appear 
to  agree,  that  the  phrenic  nerves  do  not  descend  from  the  brachial 
nerves,  but  firom  some  one  of  the  superior  cervicals  immediately  above 
the  brachials.  Eustacbius  delineates  them  as  coming  from  the  first, 
second  and  third  branches  of  the  cervical  nerves,  but  represents  that  a 
small  branch  proceeding  from  the  fourth  cervical  nerve,  runs  obliquely 
into  them  as  they  are  passing  down.  (Tabul.  Jnat.,  tab.  vii.,  fig.  1.) 
Winslow  gives  the  following  description  of  them :  ^' Among  the  anterior 
branches  [of  the  third  pair  of  cervical  nerves],  there  is  one,  which 
being  strengthened  by  an  ofiiBet  from  the  second  cervical  pair,  unites 
lower  down  with  another  branch  of  the  fourth  pair,  and  thus  forms  the 
phrenic  or  diaphragmatic  nerve.  This  nerve  .  .  .  enters  the  thorax 
behind  the  anterior  extremity  of  the  clavicle ;  receiving  immediately 
afterwards  a  filament  horn  the  first  dorsal  pair.  .  .  .  After  entering  the 
thorax,  the  phrenie  nerve  descends  immediately  in  firont  of  the  origin 
or  root  of  the  limg,  along  one  side  of  the  pericardium,  to  which  it 
adheres,  and  then  mnning  a  little  backward,  it  soon  enters  the  dia- 
phragm*'  (n.  445). 

(x)  The  two  sympathetic  nerves,  or  the  intercostals  and  the  par 
vagum,  are  what  we  term  nerves  of  nature ;  the  others  we  term  nerves 
of  the  will.  ^'This  nerve,''  says  Winslow,  meaning  the  phrenic, 
''enters  the  thorax  •  .  .  immediately  afterwards  •  •  .  communicating  with 
the  great  sympathetic.  ...  It  is  distributed  •  •  •  on  the  great  muscle  of 
the  diaphragm,  sending  also  some  filaments  to  the  lower  portion,  by 
which  it  communicates  vrith  the  great  sympathetic  nerve,  and  with  the 
neighboring  plexuses  of  the  abdomen"  (n.  445).  And  Heister  observes 
of  the  diaphragm,  that  ''Its  nerves  are,  1.  The  two  great  phrenic 
nerves,  arising  on  each  side  from  the  vertebral  nerves  of  the  neck.  •  .  . 
2.  Small  branches  from  each  intercostal  nerve  and  firom  the  par  vagum" 
(n.  442). 
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8.  They  come  oflf  almost  at  right  angles  from  the  cervical 
nerves,  in  order  that  the  source  of  their  efflux  may  be  mediate 
from  the  brains,  and  not  immediate ;  and  that  the  source  of 
their  operation  may  depend  upon  the  action  of  the  ribs,  the 
lungs^  the  mediastinum,  and  the  pericardium  (y) ;  consequently^ 

(y)  It  is  very  evident  from  the  plates  of  Eustachius,  Vieussens, 
and  other  anatomists,  that  the  phrenic  nerves,  like  two  pendulous  cords, 
run  down  at  right  angles  from  the  cervical  nerves ;  and  are  not  deter- 
mined to  their  destination  directly  from  the  spinal  marrow  as  a  begin- 
ning ;  also  that  they  describe  a  pretty  long  course  before  they  arrive  at 
their  stations  in  the  diaphragm ;  likewise  that  in  their  descent  they 
apply  themselves  to  the  pericardium,  and  wind  and  wander  about  hither 
and  thither ;  more  especially  the  phrenic  nerve  of  the  right  side.  The 
cause  of  this  phenomenon  must  be  sought  entirely  from  the  peculiarity 
of  the  action  of  the  diaphragm,  which  peculiarity  consists  in  the  fact, 
that  the  diaphragm  concurs  passively  to  the  inspiratory  or  voluntary 
actions,  but  actively  to  the  expiratory  or  natural  actions  :  for  we  proved 
by  many  considerations  in  the  Chapter  on  the  Lungs,  that  the  alterna- 
tions of  the  respiration  are  at  once  voluntary  and  natural.  In  order  to 
obtain  this  object,  it  is  necessary  that  the  nerves  which  govern  the 
muscular  forces  of  this  plane,  and  the  modes  of  those  forces,  should 
operate  upon  the  diaphragm  in  a  contrary  manner  to  that  in  which  the 
nerves  operate  upon  the  intercostal  muscles,  that  is  to  say,  upon  the 
thorax :  otherwise,  the  nerves  would  have  passed  immediately  into  the 
diaphragm,  as  they  pass  into  the  intercostal  muscles,  to  wit,  through 
the  foramina  between  the  last  dorsal  and  the  first  lumbar  vertebrae. 
For  the  diaphragm  in  inspiration  is  expanded  in  length  and  breadth, 
by  means  of  the  ribs,  the  sternum  and  the  muscles,  to  which  it  is  con- 
nected :  but  in  order  that  it  may  be  contracted  again,  and  return  to  its 
pristine  and  natural  dimensions,  the  muscular  force  that  results  from 
'  the  influx  of  the  nerves  into  the  moring  fibres,  must  necessarily  be 
called  in  aid;  for  this  brings  the  operations  within  the  province  of 
nature,  which  causes  this  plane,  extended  by  the  voluntary  actions,  to 
reli^se  into  its  pristine  dimensions.  This  riew  derives  powerful  confir- 
mation from  the  experiments  instituted  on  the  dog,  in  which,  after  the 
phrenic  nerves  have  been  dirided,  inspiration  is  performed  in  the  usual 
manner,  but  the  ribs  project  very  considerably  outwards.  See  the 
French  Commentator  upon  Heister  [Op.  Cit,,  p.  355].  Wherefore 
the  action  of  these  nerves  does  not  proceed  from  a  first  cause,  that 
is,  not  from  the  cause  of  the  expansion  and  constriction  of  the  spinal 
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4.  Upon  a  secondary  cause,  by  which  when  actuated,  even  in 
the  dead  body,  after  the  manner  initiated  in  the  living  body, 
they  act  upon  their  diaphragm  (z).  5.  Thus  these  nerves,  de- 
pressed and  relaxed  during  the  time  of  inspiration,  subject  the 
diaphragm  to  the  disposal  of  the  will,  or  to  the  action  of  the 
thorax  and  the  lungs ;  but  raised  and  tightened  during  the  time 
of  expiration,  cooperate  in  their  muscles  with  nature :  but  this 
in  divers  ways,  according  to  the  state  of  government  of  these 
two  principles,  as  varied  in  the  actions  (a).     6.  The  phrenic  ar- 

marrow ;  but  from  second  causes,  namely,  from  causes  arising  in  the 
body  itself;  in  short,  from  the  expansion  and  constriction  of  the  lungs : 
for  when  the  lungs  are  filled,  they  are  then  more  closely  applied  to, 
and  press  more  forcibly  upon,  the  pericardium,  to  which  these  nerves 
are  agglutinated,  and  hence  they  relax  the  nerves  themselves  imme- 
diately above  the  diaphragm,  and  so  deprive  them  of  all  power  of 
operating  upon  the  moving  fibres.     Not  so,  however,  in  expiration. 

(z)  Lancisi  demonstrated  by  a  multitude  of  experiments,  many  of 
which  we  shall  bring  before  the  reader  in  our  Part  on  the  Motive  Fibre, 
that  when  the  nerves,  and  particularly  the  phrenic  nerves,  are  stimu- 
lated by  simple  contact,  friction,  or  any  similar  cause,  even  afler  death, 
they  operate  upon  the  muscles  of  their  diaphragm,  and  constringe  and 
expand  them.  I  shall  here  adduce  only  a  single  experimental  proof 
from  Swammerdam,  bearing  generally  upon  the  truth  of  my  proposi- 
tion. '*  We  observe,"  says  be,  ''  in  many  animals,  that  as  soon  as  the 
beginning  of  the  spinal  marrow  in  the  cranium  is  disturbed,  all  the  sub- 
jacent muscles  suddenly  contract.  And  this  also  happens  in  the  same 
manner  with  respect  to  all  the  twigs  of  the  nerves  proceeding  from  the 
spinal  marrow  ;  at  least  when  they  are  handled ;  although  in  this  case 
only  some  particular  muscles  are  set  in  motion,  or  perhaps  only  the 
single  muscle  through  which  the  irritated  twig  is  distributed."  (Biblia 
Natura,  p.  843.)  Swammerdam  also  states,  that  he  shewed  an  expe- 
riment confirming  the  latter  remark,  as  appUed  to  the  femoral  nerves 
and  muscles  of  the  frog,  to  the  Grand  Duke  of  Tuscany,  in  the  year 
1658.  (Ibid.,  p.  839.)  On  this  subject,  see  my  Economy  of  the  Animal 
Kingdom,  Part  I.,  n.  506,  507,  508 ;  and  Part  II.,  On  the  Coincidence 
of  Motion  between  the  Brain  and  the  Lungs,  n.  31,  32,  33. 

(a)  See  above,  notes  (y)  and  (z).  But  the  diversities  of  the  influ- 
ence of  these  nerves  upon  the  operations  of  the  muscles  of  the  dia- 
phragm, cannot  possibly  be  described,  unless  the  action  be  previously 
given  or  supposed :  for  they  act  in  one  way  when  the  will  governs  the 
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teries  flowing  into  the  moving  fibres,  likewise  come  off  firom  the 
aorta  at  right  angles.  7.  Lastly^  animals  that  are  moved  to 
action  by  the  instinct  of  nature,  or  by  the  guidance  only  of  an 
obscure  and  blind  wiU,  are  furnished  either  with  a  simply  mem- 
branous diaphragm,  or  with  no  diaphragm  at  all  (b). 

460.  The  ammal  body  is  a  machine,  in  which  nature,  go- 
verned and  inspired  by  the  Supreme  Divinity,  has  brought 
together  and  concentrated  all  her  arts  and  aU  her  sciences: 
wherefore  this  machine  is  made  up  of  mere  pivots  and  centres, 
which,  joined  and  determined  in  a  stupendous  form,  in  one 
place  constitute  axes,  in  another,  radii,  and  in  a  third,  circum- 
ferences; so  that  there  is  no  point,  however  minute,  of  any 
substance,  and  consequently  no  particular  of  any  motion,  that 
is  not  in  some  centre,  and  at  the  same  time  in  some  axis, 
radius,  or  circumference :  thus  this  machine  is  at  once  a  perpe- 
tual centre  and  a  perpetual  circumference  (c).    But  since  it  is 

expirations  as  well  as  the  inspirations ;  ia  another  way,  when  it  governs 
the  latter  only ;  differently  again  in  speech,  in  wrestling,  in  the  evacua- 
tion of  the  boweb  or  the  bladder,  &c, ;  which  is  the  reason  of  the  won- 
derful comiexion  between  the  phrenic  nerves  and  the  branches  of  the 
par  vagom  and  intercostal  nerves.  If  we  allowed  ourselves  to  expatiate 
into  particularities  in  this  place,  wq  should  indeed  be  lost  in  the  un- 
bounded field. 

(b)  In  some  animals  the  diaphragm  is  simply  membranous,  and  in 
birds  it  is  entirely  wanting,  its  place  being  supplied  by  certain  muscular 
fibres.  See  the  French  Commentator  upon  Hebter.  [Qp.  Cit.,  p.  355, 
3570  From  this  it  in  dear,  that  the  diaphragm  \a  a  septum  possessing 
only  a  reactive  force :  but  in  some  human  actions,  its  active  force  over- 
comes its  passive,  and  vice  vena  ;  which  is  the  reason  ythj  the  phrenic 
nerves  are  inserted  into  the  muscles  in  the  above  manner. 

(c)  At  first  sight,  these  statements  will  perhaps  appear  a  little  in- 
volved or  abstruse ;  for  instance,  when  we  say,  that  there  is  a  machine 
that  is  made  up  of  mere  centres :  and  they  cannot  fiul  to  look  like 
positive  absurdities  to  those  who  do  not  extend  their  mental  sphere 
beyond  the  circular  form  or  measure,  in  which  they  contemplate  only  a 
single  circumference,  and  a  single  centre,  upon  ^hich  the  points  of  the 
circumference  fall  by  rectilinear  radii.  But  such  form,  or  rather  figure, 
has  no  aspiration  to  perpetuity ;  for  what  flows  as  perpetual  in  such 
circumference,  is  terminated  as  fixed  in  the  centre  itself;  wherefore  this 
circular  form  cannot  possibly  be  the  most  perfect  of  all  forms,  because 
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composed  of  forms  within  forms,  and  of  series  within  series, 
standing  in  an  everlasting  and  nnintermpted  relation  to  each 
other,  hence  there  are  central  determinations,  or  axes  and  radii, 
of  the  simple  substances,  and  of  the  composite,  and  more  com- 
posite substances ;  or  if  you  please,  for  it  amounts  to  the  same 
thing,  there  are  axillary  and  diametral  determinations;  particu- 
lar and  general  (d).  The  most  general  axis  of  the  whole  body 
is  the  oesophagus,  which  passes  down  from  the  ultimate  pole, 
that  is  to  say,  from  the  junction  of  the  lower  jaw  with  the 
tongue  and  the  palate,  through  the  cavity  of  the  thorax,  into 
the  arthrodial  or  inferior  muscle  of  the  diaphragm,  and  conti- 
nues its  axillary  determination,  and  expands  it  around  the  sto- 
mach (e) ;  and  contracts  it  again  about  the  pylorus,  and  prolongs 

it  does  not  aspire  to  perpetuity.  Hence  there  most  necessarily  be  a 
higher  and  more  perfect  form,  which  1  denominate  the  perpetual- 
circular  ;  nay^  there  must  be  a  form  more  perfect  still,  that  does  not 
respect  any  centres  as  fixed,  or  any  centres  in  which  the  motions,  and 
the  circumferences,  terminate ;  but  centres  by  and  through  which  [the 
motions  and  circumferences]  are  promoted  continually ;  which  is  brought 
about  by  perpetual  gyres,  the  beginnings  of  which  coincide  with  the  ends. 
Such  is  evidently  the  form  of  fluxion  of  the  purest  entities  of  nature, 
from  which  the  perpetuity  of  motions  is  derived.  But  I  purpose  draw- 
ing up  a  particular  Doctrine  on  the  subject  of  these  Forms  in  the  series 
of  the  following  Parts. 

(^)  As  for  example,  the  osseous  vertebral  column,  each  vertebra  of 
which  is  a  centre  to  its  particular  rib,  which  like  a  lever  runs  out  from 
it  to  its  circumference ;  and  yet  all  these  vertebree,  as  so  many  centres, 
form  a  kind  of  column.  The  same  ib  the  case  in  all  the  other  parts  [of 
the  body],  and  in  fact,  more  perfectly  in  the  more  minute  parts,  in 
which  the  higher  forms  prevail.  This  is  the  reason  why,  in  the  animal 
kingdom,  we  never  can  arrive  at  an  end  that  is  not  at  the  same  time  a 
beginmng  ;  or  that  is  not  in  some  centre, — according  to  our  ideas,  an 
ultimate  centre, — ^and  yet  at  the  sfune  time  is  a  point  of  some  radius, 
as  well  as  a  point  of  some  circumference.  Hence  it  is,  that  the  animal 
kingdom  is  the  last,  consequently  in  a  manner  the  central,  work  of 
creation,  consisting  of  mere  centres,  whereof  the  first  refer  themselves  to 
the  last,  and  the  last  to  the  first.  In  these  perfections  then,  although 
still  as  it  were  afar  ofP,  and  through  lattice-windows,  we  may  admire 
and  venerate  the  infinite  wisdom  and  providence  of  God. 

{e)  The  reader  will  see  the  same  points  laid  down  in  the  Chapter 
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it  through  the  intestines,  all  the  way  to  the  rectum  and  anus, 
the  ultimate  goal  of  the  body.  The  most  general  axillary  plane, 
transverse  to  this  longitudinal  axis,  is  the  diaphragm,  which 
divides  between,  and  distinguishes,  the  levers,  wheels,  and  tym- 
pana of  this  machine,  in  the  manner  of  a  general  hypomochlium 
or  centre  of  motion.  The  consequence  is,  that  the  general  cen- 
tre of  the  whole  body,  that  is,  of  its  viscera  and  of  their  mo- 
tions, is  situated  exactly  at  the  spot  where  the  oesophagus  meets 
the  diaphragm ;  in  short,  at  the  oblong  or  oval  foramen,  through 
the  middle  of  which  the  gullet  runs  down  from  the  breast  into 
the  chamber  of  the  abdomen  (/).     In  order  that  the  longitudi- 

on  the  Pharynx,  the  (Esophagus,  &c.,  as  well  as  above,  n.  447  (c) : 
and  he  will  also  find  it  stated  in  various  places,  that  the  stomach  is  in 
a  manner  an  axis  in  peritrochio,  and  in  that  character  excites  the  viscera 
of  the  abdominal  cavity  to  action;  for  all  these  viscera  derive  from 
their  stomach  and  intestines  those  materials  that  they  convey  to  the 
blood. 

(/)  ^®  ^^^^^  *^  ^®  ™^st  general  axis  of  the  body.  There  are 
innumerable  other  axes  besides ;  for  instance,  the  special  axes  of  the 
respective  viscera ;  there  are  also  the  axes  of  several  viscera,  or  of  one 
series ;  but  they  aU  respect  the  oesophagus  as  the  general  axis.  In 
order  that  the  oesophagus  may  act  as  the  axis,  not  only  of  the  chest, 
but  also  of  the  abdomen,  and  of  the  viscera  of  both,  it  is  necessary 
that  it  be  transmitted  through  a  peculiar  muscle, — through  a  masde 
specially  arranged  for  it,  and  which  in  fact  is  separate  from  tha  grand 
muscle  [of  the  diaphragm]  ;  for  the  latter  appUes  itself  principally  to 
the  viscera  of  the  abdomen,  and  not  so  much  to  those  of  the  thorax. 
Wherefore,  in  order  that  the  motions  of  both  regions  may  harmonize, 
this  [lesser]  muscle  is  inserted  completely  behind  the  other,  and  is  at 
once  conjoined  with  it,  and  separable  from  it ;  as  may  be  best  seen  by 
a  careful  examination  of  the  figures  that  express  these  two  muscles. 
For  the  viscera  of  the  abdomen  are  carried  away  not  only  by  their  ordi- 
nary motions,  but  at  the  same  time  by  extraordinary  motions ;  for 
example,  when  the  oesophagus  is  swallowing,  the  stomach  digesting, 
and  the  intestines  and  the  bladder  evacuating  their  contents ;  and  it  is 
quite  necessary,  for  the  purpose  of  preventing  these  motions  from  de- 
stroying the  animal  economy,  that  tiiere  should  be  a  muscle  that  can 
accommodate  itself  to  the  viscera  of  both  regions.  "  It  [the  small 
muscle],"  says  Winslow,  *'  b  of  an  oblong  form,  resembling  a  kind  of 
fleshy  collar,  the  two  alee  or  lateral  portions  of  which  decussate,  and  at 


Digitized  by  VjOOQ IC 


THE    DIAPHRAGM.  317 

TuJ  axis,  or  oesophagus,  may  also  carry  with  it  the  most  general 
motions  of  the  body, — ^I  mean,  the  pulmonic  motions, — and 
distribute  them  round  all  the  abdominfd  viscera,  at  first  starting 
it  is  tied  up  to  the  larynx,  in  its  further  descent  it  is  applied  to 
the  trachea,  adjoined  to  the  bronchia,  begirt  with  the  mediasti- 
num, surrounded  by  the  par  vagum,  inserted  into  a  peculiar 
muscle  belonging  to  the  diaphragm,  attached  to  the  fibres  of 
the  diaphragm,  and  then  sinks  into  the  stomach,  and  there 
becomes  an  axis  as  it  were  in  peritrochio,  which  turns  round 
it  all  the  little  wheels,  and  marks  out  and  arranges  their 
offices  {ff).  This  axis,  the  oesophagus,  serving  these  purposes, 
is  met  by  the  transverse  septum  by  way  of  the  circumference, 
and  by  means  of  ligaments  detached  from  itself  and  from  the 
peritonaeum,  that  septum  goes,  with  the  breath  of  the  lungs 
everywhere  accompanying  it,  both  to  the  surfaces  of  the 
viscera,  and  by  capsules  or  sheaths  to  their  innermost  parts, 
in  fine,  to  a  perpetual  meeting  with  the  axis  (A) :  and  thus 
with  concentrated  forces,  it  compels  everything  that  comes 
under  the  definition  of  animal  organic  to  yield  compliance  and 
obedience. 

451.  The  diaphragm,  thus  supported  in  the  most  general 
centre, — in  the  centre  of  the  viscera  and  motions  of  the  whole 
body, — ^by  their  axis,  the  oesophagus,  is  stretched  aroimd  as 
the  general  ligament,  fulcrum,  balance,  and  centre  of  motion, 
of  all,  to  sustain  their  weights,  motions,  and  assaults,  on  both 
sides,  and  to  reduce  them  to  a  kind  of  ultimate.  For  this  pur- 
pose, in  fixing  its  boundaries,  it  connects  them  with  all  the 
boundaries  that  nature  has  appointed  to  its  body,  that  is,  to  the 

length  become  tendinous  toward  the  lower  part.  The  upper  part  of 
the  body  of  this  muscle  is  fixed  in  the  hollow  or  slope  of  the  middle 
aponeurosis  of  the  great  muscle.  The  outer  edges  of  the  alee  or  lateral 
pordons  join  the  posterior  planes  of  the  great  muscle.  .  .  .  The  upper 
part  of  the  fleshy  body  is  formed  by  a  peculiar  interweaving  of  the 
fibres  of  the  two  alee.  These  two  alee  .  .  .  part  from  each  other,  and 
form  an  oval  i4>erture.  .  .  .  The  oval  aperture  .  .  .  affords  a  passage  to 
the  extremity  of  the  oesophagus,"  &e,  (n.  443). 

(g)  See  above,  note  (e). 

(h)  This  subject  was  explained  in  the  Chapter  on  the  Pleura,  the 
Mediastintnn,  &c. 
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middle  thereof;  namely,  to  the  ensiform  cartilage  of  the  pec- 
toral shield  or  sternum,  to  the  last  of  the  ribs  of  the  breast,  to 
the  projections  of  the  succeeding  ribs,  to  the  taada,  alba  of  the 
abdomen,  and  to  the  last  of  the  dorsal  vertebrse.  While  the 
diaphragm  by  virtue  of  these  its  boundaries  sustains  the  several 
parts,  it  also  equihbrates  them,  and  limits  the  sallies  of  the 
will  within  the  circles  of  nature ;  that  is,  it  expands  or  con- 
tracts these  circles,  according  to  the  state  of  wakefulness  of  the 
animal  and  rational  minds,  and  thus  adapts  the  state  of  nature 
to  the  condition  of  the  will ;  but  at  the  same  time  it  takes  care 
that  the  voluntary  efforts  shall  not  overstep  the  boundaries  pre- 
scribed by  nature;  wherefore  it  replaces  and  restores  those 
boundaries  every  time  the  will  relaxes  (i).  In  this  way,  the 
transverse  septum  concurs  as  a  general  means  of  government, 
in  general,  with  nature  and  with  the  will,  and  at  the  same  time 
in  every  particular,  with  the  powers,  forces,  motions,  and  ac- 
tions of  both;  and  constantly  equihbrates  all  their  incon- 
stancies {k). 

452.   The  muscles  that  separate  the  tunics  of  the  dia- 

(t)  It  has  been  shewn  before  on  several  occasions,  that  the  body  is 
kept  at  a  certain  level,  either  expanded  or  constricted,  during  the  wak- 
ing state,  and  thus  in  readiness  to  obey  every  intimation  of  the  will : 
such  is  the  case  with  the  brain,  with  the  lungs,  and  with  the  muscles. 
Thb  effect  is  communicated  in  an  especial  manner  to  the  diaphragm ; 
for  the  diaphragm  is  connected  to  the  middle  boundaries  of  all  parts, 
and  holds  all  together  in  their  situation,  by  virtue  of  its  office  as  a 
general  ligament :  hence  when  the  diaphragm  is  cut  away,  the  ribs  pro- 
ject outwards,  according  to  the  observation  already  cited  (n.  449,  y)  ; 
which  shews  that  the  diaphragm  contributes  as  a  principal  cause,  both 
to  induce  and  maintain  this  diurnal  state.  On  this  account  it  not  only 
possesses  a  muscle  that  is  capable  of  being  expanded  and  contracted  in 
various  ways,  but  it  is  moreover  hollowed  out,  in  order  to  enable  it  to 
be  relaxed  and  expanded  in  eveiy  direction.  By  a  little  attention  we 
mi^  all  observe  this  state  of  body  in  our  own  persons. 

(k)  There  are  general  states  of  expansion  and  constriction  of  the 
body,  wluch  last  during  the  day  or  the  waking  hours :  but  changes  of 
these  states  happen  with  every  particular  action,  with  every  emotion  of 
the  animal  mind,  and  with  every  active  force  of  the  rational  or  proper 
human  mind.    If  the  diaphragm  be  the  means  of  government  of  such 
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phragmatic  plane^  afford  the  clearest  evidence  of  the  maimer 
in  which  the  forces  of  the  thorax  and  abdomen  act,  and  of  the 
maimer  in  which  the  diaphragm  reacts,  in  order  that  the  action 
may  be  communicated  thereby  to  the  lungs  (/).  The  very  form 
of  determination  of  the  fibres, — ^both  of  the  moving  fibres  of 
the  circumference,  and  of  the  tendinous  fibres  of  the  central 
space,  affords  ocular  demonstration  upon  this  point;  for  the 
moving  fibres  are  the  active  forces  of  the  body,  the  ultimate 
determinations  of  which  forces  are  represented  by  the  tendinous 

states  in  general,  it  most  also  be  the  same  means  in  every  particular ; 
for  particular  states  constitate  the  general  state. 

(t)  It  was  shewn  above  in  the  Chapter  on  the  Longs,  in  treating  of 
speech  and  sounds,  that  every  action  of  the  thorax  upon  the  diaphragm, 
passes  immediately,  as  an  effect,  into  the  lungs,  and  their  auriferous 
vesicles  (403,  t  and  u) ;  so  that  no  particular  of  an  action  can  exist  in 
the  diaphragm,  without  the  vesicular  lungs  being  rendered  conscious  of 
it  (n.  421).  By  virtue  of  this  it  is,  that  the  auras  of  the  lungs  are  so 
wonderfully  dispensed  in  speech,  by  means  of  the  diaphragm,  with 
respect  to  both  the  momenta  and  to  the  degrees  of  the  sound.  The 
same  thing  follows  from  the  contiguity  of  the  diaphragm  and  the  lungs, 
and  from  their  continuity  by  means  of  ligaments.  The  only  doubt  that 
can  occur  to  the  mind,  is,  how  so  continuous  an  effect  of  causes  should 
possibly  exist  through  such  numerous  and  mere  contiguities,  and  if  we 
look  at  the  correspondence  of  intimates,  through  mere  consecutive  me- 
diations. But  if  we  more  closely  consider  the  nexus  of  things  in  the 
living  body,  we  shall  clearly  see,  that  all  ultimate  effects  are  brought 
about  by  mere  successive  mediations ;  for  instance,  from  the  very  soul 
and  mind,  as  well  into  the  sensorial  organs,  as  into  the  muscles  or 
motorial  organs ;  and  that  still  the  effect  never  Ms  the  cause,  although 
that  effect  be  ever  so  remote  from  the  first  cause.  We  are  only  instru- 
ments or  organs  of  one  Hfe,  and  from  this  Ufe,  one  instrumental  cause 
flows  into  another,  although  we  can  scarcely  conceive  otherwise  than 
that  the  last  thing  is  the  very  first.  But  we  shall  speak  further  of  this 
subject  in  another  place.  Similar  b  the  operation  of  the  thorax  upon 
the  diaphragm :  the  diaphragm  acts  upon  the  surface  of  the  lungs ; 
this  suT&ce  upon  the  air-vesicles  themselves,  where  the  effect  of  the 
cause  exists.  That  the  thorax  principally  exerts  its  influence  by  way  of 
the  diaphragm,  may  be  concluded  from  the  experience  of  Morgagni, 
who  states  that  the  lungs  are  at  no  inconsiderable  distance  from  the 
concave  surfieuse  of  the  pleura  (n.  390). 
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fibres.  The  diaphragm^  with  respect  to  its  own  proper  contex- 
ture, is  a  triple  and  as  it  were  trigastric  muscle  (m).  Its  first 
and  grand  division  or  muscle  flows  in  by  radiated  and  striated 
fibres,  as  it  were  the  semidiameters  of  the  circle,  from  nearly 
all  points  of  the  circumference,  towards  the  aponeurotic  centre, 
at  the  margin  of  which  it  stops  (n).  Its  second  or  lesser  muscle 
subtends  the  bottom  of  the  hollow  or  slope  of  the  aponeurotic 
space,  from  which  it  arises,  and  dividing  into  two  crura^  which 
again  coalesce,  and  a  second  time  divaricate  into  a  number  of 
little  columns,  passes  onwards  to  the  last  dorsal,  and  the  first 
lumbar  vertebra  (o).  The  third  and  least  muscle  of  the  dia- 
phragm arises  behind  the  cartilaginous  point  of  the  sternum, 

(m)  The  muscle  of  the  diaphragm  is  described  by  many  authors  as 
only  a  double  muscle,  and  it  is  said  by  some,  I  know  not  with  what 
propriety,  to  be  a  biventral  muscle ;  and  thus  is  distinguished  into  a 
greater  and  lesser ;  but  we  shall  see  presently  that  there  is  another 
little  muscle  besides,  parted  off  from  the  great  muscle.  ''It  [the 
diaphragm]/'  says  Winslow,  ''  is  looked  upon  as  a  double  and  digastric 
muscle,  made  up  of  two  different  portions,  one  large  and  superior, 
called  the  great  muscle  of  the  diaphragm ;  the  other  small  and  inferior, 
like  an  appendix  to  the  former,  called  the  small  or  inferior  muscle  of 
the  diaphragm"  (n.  443). 

(n)  This  will  be  best  seen  in  anatomical  plates ;  I  mean,  that  the 
great  muscle  passes  from  its  circumference  in  rays  into  the  whole  cir- 
cumference of  the  tendinous  space ;  and  furthermore,  into  the  inferior 
slope  or  hollow  of  this  space,  which  slope  is  subtended  by  the  lesser 
muscle.  "The  fleshy  circumference,"  says  Winslow,  " is  radiated  by 
the  disposition  of  the  fibres  of  which  it  is  composed,  and  which  are 
attached  by  one  extremity  to  the  edge  of  the  middle  aponeurosis,  and 
by  the  other  to  all  the  basis  of  the  cavity  of  the  thorax,  where  they 
terminate  by  digitations  at  the  lower  part  of  the  appendix  or  extremity 
of  the  sternum,  at  the  lower  part  of  the  last  of  the  true  ribs,  of  all 
the  false  ribs,  and  at  the  neighboring  vertebrae"  (n.  443). 

(o)  "The  small  muscle  of  the  diaphragm,"  says  Winslow,  "is 
thicker  than  the  other,  but  of  much  less  extent.  It  is  situated  along 
the  front  of  the  bodies  of  the  last  dorsal  vertebrae,  and  of  several  of 
the  lumbar  vertebrae.  .  .  .  The  upper  part  of  the  body  of  this  muscle  is 
fixed  in  the  hollow  or  slope  of  the  middle  aponeurosis  of  the  great  mus- 
cle. .  .  .  The  extremities,  which  are  also  called  pillars  or  crura,  are 
attached  below  to  the  lumbar  vertebrae  by  several  tendinous  digitations," 
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severed  from  the  great  muscle  of  the  circumference^  and  fidls 
upon  the  very  apex  of  the  aponeurotic  space  (p).  The  tendinous 
area  itself, — ^the  determination  and  common  centre  of  the  radi- 
ated fibres  of  the  muscles, — represents  a  depressed  heart  in 
shape  {q).  Now  these  circumstances  will  enable  us  to  conclude, 
respecting  the  particular  determination  of  forces  wherewith  the 
circuit  or  circumference  of  the  middle  of  the  body  inflows  and 
conflows  into  the  plane  of  its  transverse  septum ;  namely,  ac* 
cording  to  the  various  degrees  of  expansion  and  constriction  of 
the  pleura,  the  peritonaeum,  the  ribs,  the  sternum,  and  the  co- 
efficient muscles  of  the  thorax  and  abdomen ;  for  the  diaphragm 
reacts  in  the  same  proportion  that  it  is  acted  upon,  and  in  the 

&c.  (n.  443).  Respecting  the  office  of  the  small  moscle,  see  below, 
n.  453  (z). 

(p)  Under  the  cartilaginoas  portion  of  the  sternum  there  is  a  simi- 
lar muscle,  which  £Edls  upon  the  very  apex  of  the  spherical  triangular 
space.  This  is  parted  from  the  great  muscle  by  interstices  occupied  by 
the  pleura  and  peritonaeum ;  so  that  it  is  not  adherent  to  that  muscle, 
either  at  its  origin,  or  in  its  course  or  termination.  In  fact,  in  many 
operations  it  does  not  concur  with  the  great  muscle ;  for  we  have  the 
power  of  fQling  the  lungs  by  the  elevation  of  the  sternum,  or  even  by 
its  intropressioii ;  thus  variously,  according  to  inevitable  and  compulsory 
determinations.  The  reader  will  find  this  muscle  distinctly  expressed 
and  dehneated  in  the  plate  of  the  French  Commentator  upon  Heister 
already  referred  to.  {^Op.  Cit.,  tab.  xiv.,  fig.  1,  p  p.]  However,  as  it 
likewise  sends  down  its  fibres,  in  rectilinear  radii,  to  the  aponeurotic 
space,  it  is  considered  as  a  part,  although  a  distinct  part,  of  the  great 
muscle,  and  is  assigned  thereto. 

(q)  The  figure  of  this  aponeurotic  space  is  something  hke  the  figure 
of  the  hearts  upon  cards, — something,  in  fact,  like  the  common  idea 
of  the  shape  of  the  heart.  Its  comers  are  rounded ;  but  its  lower  side 
is  hollowed  out  for  the  lesser  muscle.  "  It  must  not ...  be  imagined,'' 
says  Winslow,  "  that  this  middle  part  is  of  small  extent,  or  that  it  is 
round,  because  anatomists  have  named  it  the  centre.  ...  It  is  of  consi- 
derable breadth,  and  somewhat  resembles  a  trefoil  leaf,  supposing  the 
part  to  which  the  footstalk  is  fixed,  to  be  hollowed ; . . .  and  therefore . . . 
I  have  called  it  simply  the  middle  aponeurosis,  or  aponeurotic  plane,  of 
the  diaphragm"  (n.  443).  We  have  chosen  to  term  this  triangular  space 
or  plane,  spherical ;  and  it  also  resembles  a  centre,  in  that  the  forces  of 
the  fibres  of  the  great  muscle  terminate  on  its  surface. 

VOL.  II.  PART  II.  CHAP.  VII.  Y 
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same  manner.  By  the  diaphragm,  consequently  from  the  col- 
lected forces  of  the  thorax  and  abdomen^  a  precisely  similar 
action  is  communicated  to  the  depressed  or  concave  sur£eu^  of 
the  lungs^  and  from  this^  to  their  vesicular  or  seolian  centres, 
giving  rise  to  a  correspondent  inspiration  and  expiration  (r). 
The  tendinous  space  itself,  where  the  moving  fibres  of  the  grand 
muscle,  as  well  as  of  the  least  or  sternal  muscle,  place  the  boun- 
daries of  their  forces,  marks  the  limits  of  the  influx  and  conflux 
of  the  actions  of  the  thorax  and  abdomen :  for  they  reach  as 
far  as  this  space  in  acting  upon  the  lungs,  and  mutually  extin- 
guish each  other  there  by  their  meeting  («).  This  space  lies 
spread  as  a  pillow  under  the  dorsum  or  plane  surface  of  the 
heart,  the  pericardium  intervening  (/) ;  and  thus  the  heart,  like 

(r)  These  particulars  have  been  explained  above  on  several  occa- 
sions ;  the  last  instance  occurs  in  n.  448  (jp). 

(s)  If  we  consider  all  the  ratios  of  the  forces  that  flow  from  the 
sternum,  the  ribs,  the  muscles,  the  pleura,  and  the  peritonaeum,  into 
the  diaphragm;  and  if  we  compare  those  ratios  with  the  distances 
which  the  fibres  measure  from  the  circumference  to  their  respective 
ends ;  that  is  to  say,  to  the  spots  where  the  forces  or  fibres  terminate, 
and  as  it  were  die  away,  (which  happens  in  the  periphery  of  th^  apo- 
neurotic space,)  we  shall  clearly  perceive  that  the  ultimate  limits  of 
these  fibres  cannot  possibly  produce  any  circular  figure.  For  in  inspira- 
tion, the  sternum  is  less  elevated  and  removed  than  the  lowest  [true] 
rib ;  wherefore  the  fibres  of  the  sternal  muscle  flow  by  a  very  short 
passage  into  the  tip  of  this  centre  or  triangular  spherical  space.  The 
false  ribs  expand  still  more  widely ;  hence  the  moving  fibres  that  pro- 
ceed from  the  points  of  that  part  of  the  circumference,  are  longer  than 
the  others,  which  are  diminished  as  they  reach  the  vertebrae.  For  this 
reason  the  figure  of  this  space  cannot  be  regularly  spherical.  The  force 
of  the  point  at  the  circumference  determines  the  extent  of  each  moving 
fibre :  thus,  in  the  configuration  of  this  plane  we  have  the  means  of 
inferring  the  force,  or  ratio  of  forces,  with  which  each  point  of  the 
circumference  acts.  But  it  is  also  to  be  observed,  that  the  sphere  of 
the  action  of  the  heart  as  it  lies  upon  this  tendinous  plane,  may  also 
have  something  to  do  with  the  termination  of  the  fibres. 

(t)  "The  pericardium,"  says  Winslow,  "is  closely  connected  to 
the  diaphragm,  .  .  .  exactly  at  the  place  which  answers  to  the  flat  or 
lower  side  of  the  heart :  it  is  so  strongly  adherent  at  this  spot,  that  it 
is  very  diflicult  to  separate  it  by  dissection.     The  adhesion  extends  no 
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a  boat  in  port^  lies  in  perfect  safety  in  the  midst  of  the  waves 
that  the  winds  of  the  lungs  caU  forth^  and  in  the  centre  of  its 
own  sphere,  washed  round  by  that  of  the  lungs,  it  performs 
and  seals  its  reciprocations,  and  thereby  the  circles  of  life  of  the 
whole  body. 

463.  But  the  aponeurotic,  triangular  spherical  space,  al- 
though indeed  the  centre  of  the  converging  rays  of  fibres  of  the 
grand  muscle,  as  well  as  of  the  least  or  sternal  muscle,  yet  is 
not  the  innermost  centre  of  the  plane  itself;  for  every  space, 
and  therefore  the  triangular  spherical  space,  has  common  rela- 
tion to  a  particular  centre.  This  centre  in  the  present  case  is 
marked  by  a  certain  round  or  elliptical  foramen  (u),  through 
which  the  vena  cava  ascends  with  the  blood  of  the  inferior  re- 
gion, and  which  is  situated  at  the  head  of  the  lesser  muscle,  at 
the  point  of  intersection  of  [lines  drawn  from]  the  three  angles 
or  points  [of  the  triangular  space],  and  above  the  hoUow  or 
slope  on  its  lowest  side.  The  ultimate  or  intimate  fibres  encircle 
and  bind  this  centre,  after  the  manner  of  a  sphincter,  as  a 
chaplet  of  vine-leaves  or  palm-branches  encircles  the  head  of  a 
victor  {ai) ;  and  thus  manifestly  declare  that  they  have  reached 

fbrther  than  the  limited  portioii,  which  is  in  some  measure  triangular, 
answering  to  the  lower  side  of  the  heart"  (n.  417). 

(le)  This  foramen  is  said  by  some  anatomists  to  be  romid ;  Heister 
states  that  it  is  elliptical.  Thus  in  describing  his  tab.  iii.,  fig.  13,  he 
speaks  of  "  the  transverse  elliptical  foram^, .  .  .  through  which  the 
inferior  vena  cava  passes"  (n.  442). 

(;r)  Many  circumstances  tend  to  prove  that  the  vena  cava  occupies 
the  most  absolute  [ipsissimum]  centre  of  the  tendinous  space ;  as,  1. 
The  figure  itself;  for  if  a  perpendicular  or  line  be  drawn  from  each  tip 
or  angle  to  the  opposite  side,  the  point  of  intersection  will  anncide 
with  this  foramen ;  and  this,  be  it  observed,  is  the  usual  method  of 
ascertaining  the  centres  of  triangles.  2.  The  direction  of  the  fibres  of 
the  great  and  least  musdes,  which  fibres  tend  almost  unanimously 
hither;  so  that  if  we  carry  them  all  out  to  a  common  point  of  intersec- 
tion, we  shall  find  that  they  will  meet  in  this  spot.  3.  The  figure  of 
the  foramen  itself,  and  the  tendinous  fibres  that  like  a  sphincter  encircle 
and  crown  this  centre.  See  the  description  of  those  fibres,  n.  447  (0* 
The  case,  however,  is  different  with  the  fibres  of  the  lesser  musde. 
respecting  which,  see  below,  note  (y). 

y2 
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the  goal,  where  they  can  crown  the  vein,  escaped  from  the  un- 
quiet field  of  the  pulmonary  motions  into  the  more  tranquil  field 
of  its  heart,  and  lead  it  by  the  sympathetic  nerves,  first  to  the 
hall,  and  presently  to  the  innermost  chambers  of  the  heart  (y). 
Thus  we  find  two  great  centres  in  the  plane  of  the  diaphragm ; 
the  oesophagus  runs  down  through  one,  the  vena  cava  runs  up 
through  the  other :  the  former  is  the  centre  of  the  sphere  of  the 
pulmonary  motions,  but  the  latter  is  the  centre  of  the  sphere  of 
the  pulses  and  circles  of  the  heart;  and  the  one  returns  by 
wonderful  revolutions  into  the  other :  and  in  order  to  prevent 
the  one  from  disturbing  the  circles  of  the  other,  the  oesophageal 
centre  is  begirt  by  an  active  muscle  of  its  own,  which  restrains 
the  great  muscle  as  an  antagonist,  and  governs  the  plane  itself 
as  an  axis;  wherefore  this  muscle  does  not  flow  into  the  apo- 
neurotic space  with  tendinous  fibres,  but  merely  connects  its 
dorsum  with  the  slope  thereof,  by  a  broad  adhesion  {z).    Such 

(t/)  See  the  description  given  above  of  the  lesser  muscle,  in  note  (/). 
At  first  sight  we  might  easily  be  led  to  believe  that  the  lesser  muscle  is 
only  the  continuation  of  the  great  muscle^  or  the  appendage  thereof; 
for  it  is  fitted  into  it  laterally,  and  the  two  are  slightly  adherent.  Bat 
if  we  consider  its  origin,  progress,  and  termination,  we  shall  find  that 
this  muscle  is  entirely  distinct  firom  the  great  muscle,  not  only  with 
respect  to  its  fibres,  but  also  with  respect  to  its  modes  of  operation ; 
and  that  it  arises  firom  the  slope  of  the  aponeurotie  space,  and  in  fact, 
from  the  centre  of  its  fibres,  near  the  vena  cava ;  for  it  is  very  robust 
and  large  in  this  situation,  and  does  not  communicate  with  the  aponeu- 
rotic space  by  any  tendinous  fibres.  From  this  its  beginning,  it  after- 
wards contracts  in  its  progress,  and  at  length  divides  into  a  number  of 
pedicles,  and  finally  into  several  tendons.  It  is  therefore  fleshy  at  its 
commencement,  and  tendinous,  like  other  muscles,  at  its  termination. 
*'  The  extremities  [of  the  lesser  musde],"  says  Winslow,  '* ...  are 
attached  below  to  the  lumbar  vertebrae  by  several  tendinous  digitations. 
The  upper  part  of  the  fleshy  body  is  formed  by  a  peculiar  interweaving 
of  the  fibres  of  the  two  alee.  .  .  .  The  right  cms  ...  is  attached  to  the 
bodies  of  the  four  first  lumbar  vertebrae,  and  often  to  those  of  all  the 
lumbar  vertebrae,  by  a  corresponding  number  of  digitations,  which  be- 
come more  and  more  tendinous  as  they  descend,  and  at  length  are  ex- 
panded in  the  form  of  an  aponeurosis"  (n.  443). 

(z)  These  considerations  not  only  shew  that  this  lower  muscle  does 
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is  the  influx  of  the  activity  of  the  lungs  into  the  sphere  of  the 
hearths  activity. 

454.  The  radiated  muscular  circumference  is  accompanied 
and  covered  on  both  sides  by  cellular  tissue^  into  which  the 

diaphragm,  by  its  alternate  expansion  and  constriction,  is  con- 
stantly inviting  the  lymph  through  various  streams,  from  the 
similar  and  continuous  tissue  of  the  pleura,  the  mediastinum, 
and  the  peritouseum  (a) ;  and  it  conducts  this  fluid,  according 

not  flow,  like  the  great  muscle,  into  the  tendinous  space  of  the  dia- 
phragm, but  flows  out  from  it ;  but  they  also  shew  that  this  muscle, 
by  its  action,  does  not  alter  the  dimeiisions  of  the  diaphragmatic  plane ; 
for  it  is  attached  to  the  vertebrae,  which  do  not  expand  in  the  same 
manner  as  the  ribs.  The  fact  then  is,  that  this  muscle  begins  to  act 
where  the  great  muscle  ceases  to  act,  to  wit,  from  the  centre  of  the 
diaphragm,  or  the  round  foramen  that  lies  close  beside  its  head  :  from 
this  point,  this  muscle  transfers  its  forces  to  the  vertebral  column,  and 
its  centre  of  gravity,  which  as  we  before  explained,  in  the  Chapter  on 
the  Thoracic  Duct,  in  speaking  of  the  receptaculum  chyli,  exists  about 
this  regioiK  Hence  this  muscle  must  be  regarded  as  an  axis,  because 
it  conjoins  the  three  most  general  centres  of  the  body ;  namely,  wliere 
the  inferior  vena  cava  emerges ;  where  the  cesophagus  demerges  into 
the  stomach ;  and  where  the  cistern  of  the  mesentery  resides  :  and  this 
is,  indeed,  the  reason  why  the  vessels,  ducts,  and  nerves  pass  through 
particular  divarications  of  its  crura.  It  is  evident  from  this  description, 
that  the  lesser  muscle  is  the  antagonist  of  the  greater,  and  as  it  were 
the  column  of  its  ultimate  forces  ;  and  that  it  prevents  the  vena  cava 
from  being  moved  out  of  its  place  in  any  distraction  of  the  diaphragm 
by  the  uneven  actions  of  the  thorax  :  for  it  reacts  against  all  the  fibres 
of  the  great  muscle,  inasmuch  as  it  arises  broadly  from  the  slope  or 
hollow  of  the  aponeurotic  space  ;  its  head  being  almost  in  contact  with 
the  border  of  the  vena  cava.  "  In  the  aponeurotic  plane  of  the  great 
muscle,"  says  Winslow,  "...  near  the  small  muscle,  there  is  a  round 
aperture,  vtrhich  transmits  the  trunk  of  the  inferior  vena  cava"  (n.  443). 
(a)  It  has  been  pointed  out  and  shewn  above  in  many  places,  that 
the  muscle  of  the  diaphragm  is  covered  by  the  peritonaeum  on  the  one 
hand,  and  by  the  pleura  on  the  other,  and  that  a  cellular  tissue  inter- 
venes on  both  sides  between  it  and  those  membranes.  Let  us  now 
simply  enquire,  through  what  passages  this  tissue,  and  consequently 
the  humor  that  it  carries,  flows  in  from  those  iuvolucra,  and  [whither 
it]  is  continued.     The  first  way  is  from  the  mediastinum,  close  behind 
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to  nature's  constant  law,  from  the  peripheries  or  greatest  mo- 
tions, to  the  axes  and  centres,  or  to  the  most  quiet  stations  of 
its  plane.  Hence  it  determines  the  descending  lymph  of  the 
mediastinum  and  pleura  towards  the  borders  of  the  aponeurotic 
centre  {b),  where  the  mediastinum  of  the  pericardium  meets  it 
with  its  humid  tissue :  and  lest  the  humor  shoidd  stop  here,  in 
this  most  quiet  centre,  and  inundate  and  infest  the  sphere  and 
bed  of  the  heart  and  vena  cava,  the  pericardium  is  closely  at- 
tached and  adherent  at  this  spot,  and  as  it  were  keeps  watch, 
and  carefully  guards  against  any  irruption  that  might  otherwise 
take  place.    Hence  the  circumfused  liquid  is  carried  away  head- 

the  sternum,  where  the  mediastinum  is  ccmnected  to  the  diaphragm : 
in  this  situation,  just  aboTC  the  place  of  contact  of  the  mediastinum 
with  the  diaphragm,  a  very  considerable  fissure  is  observed,  according 
to  Heister,  from  which  fissure  the  cellular  tissue  runs  continuously  to 
the  least  muscle  of  the  diaphragm.  The  second  way  is  immediately 
from  the  pleura  and  the  peritonseum  around  the  whole  circumference  of 
the  diaphragm.  The  third  way  is  from  the  pericardium,  the  external 
coat  of  which, — a  continuation  of  the  mediastinum, — ^falls  upon  the 
diaphragm  round  about  the  aponeurotic  space,  and  is  there  reflected  so 
as  to  become  continuous  with  the  pleura.  Corresponding  in  number 
are  the  derivations  of  fluid  from  the  cellular  tissue  of  the  pleura  into 
the  diaphragm.  And  it  seems  impossible  to  doubt  the  existence  of  a 
communication  through  the  intermediate  muscular  fibres  of  the  liquids 
coming  from  both  regions,  when  we  consider  that  the  same  thing  ob- 
tains almost  universally  in  riscera  prorided  with  a  muscle;  and  the 
more  readily  in  the  diaphragm,  since  its  two  tunics,  the  pleura  and  the 
peritonseum,  are  in  contact  with  each  other  in  various  places,  for  in- 
stance, on  both  sides,  near  the  sternum,  and  below,  close  to  the  ver- 
tebrae, between  the  divarications  of  the  lesser  muscle. 

(b)  The  forces  and  motions  of  the  fibres  of  the  great  muscle  termi- 
nate at  the  parietes  of  the  apone\u*otic  centre,  where  the  moving  fibres 
become  tendinous.  See  above,  n.  452.  And  this  centre  or  space  also 
possesses  its  own  centre,  which  is  the  innermost  of  all,  and  is  situated  at 
the  vena  cava.  See  n.  453.  If  then  the  liquid  has  a  common  tendency 
from  the  peripheries  and  greatest  motions,  to  the  centres  or  more  quiet 
stations,  (according  to  what  we  now  understand  to  be  the  general  law,) 
it  must  eridently  be  carried  off  to  this  centre,  and  in  feet  to  the  inner- 
most [centre],  all  the  way  to  the  round  foramen  :  for  which  reason  this 
particular  6pace  is  covered  and  defended  by  the  proper  coats  of  the 
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long  from  its  ciFCumferences,  where  it  fluctuates  with  the  mo- 
tions of  the  septum^  to  a  haven  of  rest  and  cahn ;  that  is  to  say, 
around  the  lesser  muscle^  which  restrains  the  great  muscle  as  an 
antagonist^  and  subtends  the  plane  itself  as  an  axis ;  and  after- 
wards, between  its  divarications  and  interstices,  to  the  succen- 
turiate  kidneys(c).  Such  is  the  intercourse  that  the  diaphragm 
appears  to  have  instituted,  during  the  period  of  embryonic  life 
especially,  between  the  pleura  and  the  peritomeum,  and  between 
the  thymus  gland  and  the  suprarenal  glands. 

455.  In  order  that  all  things  may  flow  to  and  &o  in  a  con- 
stant circle,  and  that  each  may  be  emulous  of  perpetuity,  and 
describe  forms  that  shall  perpetuate  the  motions  of  Hfe, — ^the 
viscera,  cavities,  and  septa  of  the  organic  frame  are  not  precisely 
equiHbrated  and  sustained  by  each  other  in  the  manner  of  the 
well-poised  scales  of  a  balance ;  that  is  to  say,  they  are  not  sym- 
metrical, nor  of  equal  force  and  weight,  on  the  right  and  left 

pericardium,  the  latter  being  so  firmly  connected  thereto  that  it  cannot 
be  separated  without  the  greatest  difficulty  ;  according  to  the  observa- 
tion of  Winslow  (n.  417).  Therefore,  since  the  humor  is  driven  from 
this  space,  it  follows  its  periphery,  from  which  it  is  determined  by  a 
natural  force  towards  the  axis  or  lesser  muscle ;  and  this  the  more 
readily,  since  one  side  of  the  diaphragmatic  plane  is  larger  and  more 
capacious  than  the  other ;  so  that  the  humor  is  urged  on  thitherwards 
by  the  superior  force ;  and  here  again  from  the  greater  motion  into 
the  lesser. 

(c)  The  thymus  gland  and  the  two  suprarenal  glands  are  mutual 
correspondents;  that  is  to  say,  the  thymus  gland  elects  a  particular 
serous  and  chylific  juice  from  the  arterial  blood,  and  throws  it  out  in 
part  into  the  cavities  of  the  thorax  and  heart,  in  part  in  a  circle  through 
the  mediastinum,  the  pleura,  and  the  diaphragm  :  and  the  renal  glands 
attract  this  liquid,  and  send  it  back  purified  into  the  gyre  of  the  blood. 
On  these  subjects,  see  the  Chapter  on  the  Succenturiate  Kidneys,  and 
that  on  the  Thymus  Gland,  n.  441.  Hence  the  above  organs  commu- 
nicate with  each  other  by  vessels,  by  means  of  the  mediastinum  and 
Uie  diaphragm  ;  for  the  mediastinal  arteries  anastomose  with  the 
phrenic,  and  these,  with  the  vessels  of  the  suprarenal  glands.  '*  They 
[the  ramifications  of  the  phrenic  arteries],"  says  Winslow,  *'  give  small 
branches  to  the  renal  glands  or  atrabiliary  capsules,  which  branches 
sometimes  anastomose  with  the  capsular  arteries"  (n.  444). 
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sides  of  the  body.  Thus  the  right  lobe  of  the  lungs  is  larger 
and  more  capacious  than  the  left ;  likewise  the  right  cavity  of 
the  breast  or  pleura  that  encloses  the  right  lung  {d).  The  me- 
diastinum behind  the  sternum  is  on  this  account  inflected  con- 
siderably towards  the  left  (e).  The  right  half  of  the  plane  of 
the  diaphragm  surpasses  the  left  half  in  size  and  strength ;  so 
also  the  right  half  of  the  inferior  muscle^  with  its  crura  and 
pedicles  (/).  Again^  the  heart  does  not  lie  exactly  in  the  mid- 
dle between  the  lungs^  or  upon  the  aponeurotic  centre^  but  pid- 
sates  at  the  left  side  of  the  chesty  in  the  opposite  direction  to 
the  greatest  force  of  the  limgs.  The  stomach  does  not  occupy 
the  middle  of  the  abdomen;  nor  is  its  cavity  constructed  on 
both  sides  with  an  equal  arch;  nor  are  its  two  orifices,  the 
cardia  and  pylorus,  found  in  the  course  of  the  same  diameter  {ff). 

(d)  Although  these  particulars  may  be  known  from  the  for^oiiig 
descriptions^  it  will  neyertheless  be  advantageous  to  submit  a  running 
statement  of  them  to  the  reader's  eye.  With  respect  to  the  lungs, 
Winslow  says,  *'  The  right  lung  is  generally  larger  than  the  left,  con- 
formably to  the  right  cavity  of  the  chest  and  to  the  obliquity  of  the 
mediastinum"  (n.  387).  And  with  respect  to  the  cavities :  "We  see, 
not  only  that  the  thorax  is  divided  into  two  cavities,  entirely  separated 
from  each  other  by  a  middle  septum  ;  but  also  that  the  right  cavity  is 
greater  than  the  left"  (n.  415). 

(e)  On  this  subject,  Winslow  says,  "The  mediastinum  inclines  from 
above  downward  towards  the  left  side :  and  ...  if  the  middle  of  the 
sternum  be  penetrated  by  a  sharp  instrument  before  opening  the  chest, 
there  will  be  found  to  be  almost  the  breadth  of  a  finger  between  the 
sternum  and  the  mediastinum :  provided  the  sternum  be  kept  in  its 
natural  situation"  (n.  415). 

(/)  "  The  right  cms  [of  the  lesser  muscle  of  the  diaphragm]," 
says  the  same  Author,  "is  larger  and  longer  than  the  left.  . . .  The  left 
eras  is  smaller  and  shorter,  and  lies  more  on  the  left  side,"  &c.  (n.  443). 

(ff)  Again  he  says,  "  The  stomach  is  not  situated  in  the  left  hypo- 
chondrium  and  epigastric  region,  in  the  manner  represented  in  most  of 
the  figures.  It  lies  transversely,  obliquely,  and  almost  lateraUy;  the  great 
extremity  and  the  orifice  next  to  it  being  to  the  left,  and  the  small  ex- 
tremity and  the  pyloras  to  the  right,  and  lower  and  more  inclined  than 
the  former. . . .  Thus  the  body  of  the  stomach  is  by  no  means  in  the  same 
plane  with  the  oesophagus,  but  forms  an  angle  or  fold  immediately  at  the 
passage  of  the  oesophagus  through  the  small  musde  of  the  diaphragm  ; 
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The  spleen  on  the  left  side  does  not  equals  although  with  the 
pancreas  it  sustains^  the  weight  of  the  liver  on  the  right  side. 
The  vena  cava  and  the  aorta^  unlike  a  married  pair^  do  not  lie 
close  to  each  other  in  their  passage  through  the  diaphragm. 
The  one  intercostal  nerve  does  not  run  forth  in  the  chest  in  the 
same  manner  as  the  other;  still  less  in  the  abdomen^  and  in 
the  mesaraic  plexuses.  As  it  is  in  the  whole  body^  so  it  is  in 
every  viscus  of  the  body  (A).  From  this  disposition  of  parts^ 
and  the  corresponding  fluxion  of  motions  and  circulation  of 
humors^  it  follows  that  thus^  and  not  otherwise^  does  nature 
accomplish  the  perpetuity  to  which  her  life  aspires;  and  that 
thus^  and  not  otherwise,  does  she  flow  from  the  equilibrium  of 
one  motion  into  a  second  motion ;  for  as  we  have  said  before, 

and  on  account  of  this  angle,  the  superior  orifice  is  turned  a  little  back- 
wards" (n.  88). 

(A)  Not  to  mention  the  Kver,  the  spleen,  the  kidneys,  the  intestines, 
and  numerous  members,  which  are  by  no  means  constructed  upon  the 
circular  law,  but  have  either  lobules  or  other  subdivisions  that  greatly 
differ  among  themselves  in  their  size  and  other  attributes.  The  reason 
of  this  is  sufficiently  evident.  For  if  the  dimensions  of  the  two  sides 
were  equal,  like  the  two  halves  of  a  single  circle,  ellipse,  or  oval,  then 
the  respects  or  relations  of  all  the  parts  would  meet  in  determinate  foci 
or  centres,  and  with  the  relations,  the  very  efforts  and  forces :  and  when 
in  these  centres,  they  would  tend  no  further,  but  stop.  The  truth  is, 
however,  that  the  animal  machine  is  so  framed,  that  ever3rthing  tends 
to  its  own  centre ;  from  this  again,  inasmuch  as  it  is  placed  in  a  new 
circumference,  to  another  centre  ;  and  so  to  perpetual  revolution :  from 
which  circumstances  it  is  perfectly  clear,  that  some  form  superior  to 
the  circular  prevails  in  the  living  body  ;  some  form  that  never  makes  a 
centre  as  an  end,  unless  at  the  same  time  and  in  the  same  place  as  the 
beginning  or  principle  of  a  new  motion.  But  lest  purely  geometrical 
minds  should  be  disturbed  in  their  circles  by  my  declaration,  that  there 
exists  a  form  superior  and  prior  to  the  circle,  and  more  perfect  than  it ; 
a  form  indeed  of  such  a  character  as  to  be  the  measure  of  the  circular 
form,  as  the  circular  is  the  measure  of  all  triangular  forms ;  and  still 
more  when  I  add,  that  there  exist  forms  still  superior,  prior,  and  more 
perfect ; — ^lest  this  should  be  the  case,  I  have  it  in  contemplation  to 
draw  up  and  prepare  a  particular  Doctrine  of  Forms.  Meanwhile,  see 
Part  I.,  the  Chapter  on  the  Stomach,  n.  97  (/)  ;  and  the  Chapter  on 
the  Intestines,  n.  130  (e). 
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there  are  as  many  centres  as  points^  and  as  many  equilibria  as 
centres;  and  these,  wonderfully  continued  or  connected,  form 
axes,  radii,  circumferences,  and  in  fine  perpetual  gyres,  which 
whCTe  they  enfold  themselves  in  ends,  there  distinctly  unfold 
themselves  from  the  same  ends,  as  from  their  beginnings. 
Machine  of  a  skill  oh  !  how  stupendons !  Could  we  but  really 
explore  one  ten  thousandth  part  of  its  wonders,  we  should 
surely  be  stricken  with  holy  amazement,  and  from  that  ground 
alone  adore  the  wisdom  of  the  Creator ;  and  the  pride  of  our 
knowledge  and  wisdom  would  not  merely  subside,  but  would 
Ml  prostrate  in  self-derision.  Yet  these  are  the  lowest  proofs 
of  His  omnipotence,  for  He  has  filled  the  vilest  insect  with 
similar  miracles. 
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456.  Ths  lungs^  in  the  first  flower  and  golden  age  of  their 
life,  or  when  the  body  and  the  thorax  were  enveloped  and  con- 
fined bj  manifold  swathings  in  the  mother^s  womb,  were  un- 
able as  yet  to  expand,  still  less  to  open  the  mouth  of  their 
larynx  {a) :  but  together  with  the  brains,  the  heart,  and  the 
members  attendant  thereupon,  they  passed  and  beguiled  their 
day,  which  was  nine  months  long,  in  the  deepest  peace,  and  as 

(a)  Although  it  may  appear  sufficiently  evident  and  incontestable  at 
the  first  glance  that  the  lungs  could  not  have  respired  in  the  uterine 
state^  yet  it  may  not  be  without  its  use,  to  confirm  even  the  common 
opinion  by  a  statement  of  proofs,  for  without  proofs  be  given,  the 
minds  of  some  individuals  are  apt  still  to  remain  in  doubt.  At  this 
time,  then,  the  chest,  with  the  ribs,  the  sternum,  and  the  muscles, 
was  so  bent  inwards  and  compressed,  that  it  had  neither  room  nor 
power  to  rise  and  open  out.  Besides,  the  spine  of  the  back  was  so 
much  incurvated,  that  it  could  not  possibly,  by  any  living  force  or  ex- 
pansion, have  excited  the  costal  nerves,  which  act  upon  the  above 
muscles.  Again,  there  was  no  surrounding  atmosphere  which  the  lungs 
could  have  drawn  to  them,  if  they  had  been  raised ;  but  instead  of  an 
atmosphere,  they  would  probably  have  imbibed  the  liquor  amnii  in 
streams,  and  have  overwhelmed  the  bronchial  pipes  and  vesicles,  that 
is  to  say,  would  have  overwhelmed  themselves,  in  sudden  shipwreck. 
Add  to  this,  that  the  cardiac  blood  had  not  yet  flowed  in  through  the 
pulmonary  artery,  although  this  blood  alone  gives  the  Itmgs  the  power  of 
respiring,  as  we  observed  in  the  Chapters  on  the  Lungs  and  the  Pleura, 
&c.  At  this  time,  the  bronchial  artery  and  the  fibre  of  the  pulmonary 
plexus  reigned  sole  and  supreme,  and  might  possibly  have  produced  a 
certain  slight  vibration  synchronous  with  the  movement  of  the  heart. 
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it  were  in  the  temple  of  concord  (A).  At  this  time  the  soul, 
under  the  auspices  of  the  supreme  mind,  by  means  of  the  brains 
and  their  fibres,  and  in  the  ultimate  sphere,  by  means  of  the 
heart  and  its  vessels,  ruled  and  governed  the  helm  of  the  king- 
dom ;  it  was  the  only  principle  of  all  motions  :  the  determina- 
tions &om  this  principle  flowed  through  adopted  and  organically 
constructed  forms,  serving  in  orderly  sequence  and  manifold 
succession  as  first,  intermediate,  and  ultimate  causes :  hence  all 
efforts,  forces,  actions^  and  modes  thereof,  agreeably  to  the 
order  appointed  by  nature,  proceeded  constantly  from  the  first 
spheres  to  the  last,  or  from  the  innermost  to  the  outermost  (c). 

(b)  It  is  eyident  from  the  initial  stages  of  the  formation  of  the  liv- 
ing body,  that  the  fibre  was  the  first  determination  of  all  things  therein, 
that  is  to  say,  the  first,  that  wove  all  the  organic  forms,  and  inspired 
them  with  active,  consequently  with  motive,  force.  If  this  be  true  of 
the  fibre,  of  course  it  follows  that  the  cerebmm  in  the  widest  accepta- 
tion of  the  word,  or  as  including  the  cerebellum,  the  medulla  oblongata, 
and  the  medulla  spinalis,  which  are  the  birth-place  of  the  fibres, — it 
follows,  I  say,  that  the  cerebrum  was  the  first  thing  that  excited  the 
machine  to  its  motion ;  and  that  all  things  received  their  origin,  and 
their  principles  of  motion  and  progression,  under  the  auspices  of  the 
cerebrum,  consequently  of  the  fibres  thereof.  If  we  grant  this,  then 
we  must  admit  that  the  heart,  the  secondary  principle  of  motion,  was 
not  excited  to  its  reciprocations  by  any  other  causes ;  and,  therefore, 
that  the  rhythmical  movements  of  the  heart  were  consonant  with  the 
animatory  movements  of  the  brain,  and  hence  that  concord  prevailed 
throughout,  so  that  the  vessel  never  rose  in  insurrection  against  the 
fibre,  nor  the  blood  against  the  spirit,  nor,  in  a  word,  the  body  against 
the  soul.  But  we  shall  treat  this  subject  in  greater  detail  in  the  Parts 
on  the  Heart  and  the  Cerebrum. 

(<?)  We  can  never  arrive  at  a  true  knowledge  of  the  animal  kingdom, 
unless  we  entertain  a  distinct  idea  of  the  subordination  and  succession 
of  efficient  causes,  and  unless  we  have  a  distinct  conception  of  the 
nature  of  the  prior  and  of  the  posterior  sphere,  or  what  amounts  to  the 
same  thing,  of  the  interior  and  of  the  exterior,  and  of  the  difference 
between  them ;  for  the  prior  and  the  interior  are  also  the  more  perfect 
and  the  more  universal.  The  progression  from  the  prior  to  the  poste- 
rior,— a  priori  ad  posieriora, — or  from  the  interior  to  the  exterior,  is 
identical  with  the  progression  from  the  soul  to  the  body ;  but  the  pro- 
gression firom  the  posterior  to  the  prior, — a  poeteriori  ad  priaraf-H}! 
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Thus  the  body  was  the  body  of  its  soul^  and  the  subject  of  the 
auspices  of  the  supreme  mind.  But  when  the  period  of  these 
destinies  had  passed  away^  and  the  mannikin^  bursting  the 
swathings  and  bars  of  the  womb^  rushed  forth  upon  the  theatre 
of  the  great  worlds  the  state  of  life  was  instantly  changed,  and 
the  hinges  of  the  determinations,  forces  and  motions  were  in- 
verted and  bent  backward  against  the  order  of  the  former  life ; 
namely,  from  the  outermost  spheres  to  the  innermost,  or  firom 
the  body  and  its  powers  inwards,  towards  the  proximate  and 
immediate  powers  of  the  principle  or  soul  {d).    In  order  that, 

from  the  exterior  to  the  interior,  is  identical  with  the  progression  from 
the  body  to  the  soul.  I  intend  to  expomid  again  in  the  sequel  the 
Doctrine  of  Order  and  Degrees,  as  well  as  the  Doctrine  of  Influx,*  in 
order  that  we  may  have  a  just  intellectual  comprehension  of  the  above 
scale  of  progression.  I  will  here  only  remark,  that  in  the  uterine  life, 
all  active  force  flowed  in,  according  to  truly  natural  order,  that  is  to 
say,  immediately  from  the  soul  into  the  ultimate  forces  of  the  body  ; 
but  afterwards,  in  the  life  after  birth,  inversely,  from  the  body  to  the 
soul ;  so  that  what  was  previously  active,  thenceforward  became  passive, 
and  at  the  same  time  reactive ;  just  as  we  observed  above  of  the  bron- 
chial artery,  in  the  Chapter  on  the  Lungs,  where  it  was  stated  that 
"  this  artery,  in  conjunction  with  the  twigs  of  the  par  vagum  and  inter- 
costal nerves,  was  what  conceived,  engendered  and  constructed  the 
embryonic  lung,  and  all  its  vessels,  aeriferous,  arterial  and  venous ; 
and  laid  down  and  formed  those  direct  passages  along  which  the  atmo- 
spheric air  and  the  cardiac  blood  are  to  pass  and  glide  in  the  second 
period  of  life  :  thus  this  artery  was  once  the  parent,  but  now  the  change 
in  its  fortunes  has  made  it  the  daughter  and  the  slave"  (n.  409).  See 
also  ibid,,  note  (o).  But  the  reader  will  find  this  confirmed  by  a  num- 
ber of  experimental  proofs  in  another  part  of  the  Work. 

(d)  If  we  are  able  to  discriminate  distinctly  between  the  outermost 
sphere  and  the  innermost,  we  shall  clearly  perceive  that  the  order  is 
entirely  inverted.  The  outermost  forces  of  the  body  are  the  muscles 
and  their  moving  fibres,  which,  on  this  account,  have  their  places  in 
the  circumference  of  the  frame :  the  bones  and  cartilages  also  belong  to 
this  class  of  forces.     The  ultimate  or  lowest  universal  essence, — the 

*  Hie  reader  wiU  find  these  sabjects  treated  of  in  Swedenborg's  **Anffelie 
WUdom  amcermng  the  Divine  Love  and  the  Divine  Wiedom,**  and  in  hia  "  Inter- 
eourte  between  the  Soul  and  the  Body:*^(Tr,) 
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after  thia  iaversioii^  the  last  causes  might  take  the  first  place^ 
the  lungs  were  opened :  the  lowest  atmosphere  of  the  world  was 
admitted  through  the  nares  and  the  larynx  into  the  trachea  and 
the  bronchial  pipes :  the  muscles  of  the  thorax  were  unfolded : 
the  ribs  with  the  yertebrae  and  sternum  were  moved  firom  their 
places^  to  and  &o :  and  the  reciprocal  actions  proceeding  firom 
these  ultimate  causes^  or  firom  the  body^  were  transferred 
through  the  diaphragm^  the  pleura  and  the  mediastinum^  into 
the  innermost  sphere  of  the  lungs^  whither  also  the  atmosphere 
was  transferred  through  the  larynx  (e).  On  the  instant  the 
blood  also^  which  rushed  firom  the  vense  cavse  into  the  right 
auricle  and  cavern  of  the  hearty  began  to  be  the  proximate 
cause  of  the  motions  or  pulses^  even  through  the  whole  arterial 
system ;  the  proximate  cause  having  previously  been  the  fibre 
and  the  spirit  of  the  fibre  (/).     At  the  same  time  the  organs  of 

proper  essence  of  the  body, — is  the  red  blood,  which  is  determined  by 
the  vessels.  The  mediate  essence,  on  the  other  hand,  is  the  animal 
spirit  in  the  medullary  fibres  of  the  brain  and  the  nervous  fibres  of  the 
body.  But  the  first  or  supreme  and  innermost  essence  of  the  body  b 
the  soul.  See  Part  I.,  the  Chapter  on  the  Peritonaeum,  n.  313,  314. 
If  then  the  causes  of  actions  proceed  inwards  from  the  muscular  fibres 
and  the  ribs,  &c.,  towards  the  lungs,  and  never  stop  until  they  arrive 
in  the  innermost  parts  or  in  the  vesicles  of  the  lungsf,  of  course  the 
action  proceeds  from  without  to  within, — ab  exteriori  ad  interiara. 
Again,  if  the  atmosphere  be  admitted  to  the  innermost  parts  of  the 
lungs,  the  same  remark  will  apply ;  for  the  atmospheric  air  is  the  lowest 
aura  of  the  world.  For  as  we  shewed  in  the  Chapter  on  the  Lungs, 
every  action  of  respiration  proceeds  from  the  motion  of  the  muscles  of 
the  thorax,  in  such  a  manner  that  not  even  the  minutest  particular  of 
an  action  is  impressed  by  those  muscles,  but  has  a  similar  action  cor- 
responding to  it  in  the  innermost  parts  of  the  lungs,  consequently  in 
the  particulars  of  the  respiration. 

(e)  All  these  points  were  shewn  in  the  preceding  pages,  in  treating 
of  the  trachea,  the  lungs,  the  pleura,  and  the  diq>hragm ;  and  this 
change  and  inversion  of  the  state  of  life,  was  also  explained  above, 
n.  429,  ad  Jin. 

(/)  In  so  fiur  as  the  heart  is  a  muscle,  and  in  so  f&r  as  its  arteries 
consist  of  a  muscular  coat,  it  is  excited  to  its  pulsations,  or  systohc 
and  diastolic  movements,  either  by  the  nervous  fibre  acting  upon  the 
fibres  of  the  muscle,  or  by  the  blood.    In  the  embryonic  state,  the 
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the  five  senses  were  opened,  to  take  np  on  the  first  threshold 
the  images,  tones,  forms,  and  all  the  play  and  manifestation  of 
the  eircumambient  world,  and  convey  them  inwards  even  to  the 
sonl  (ff).  Thus  we  entered,  or  rather  fell,  firom  the  highest  life 
into  the  life  of  the  body,  which  is  the  lowest,  and  the  world's. 

457.  Now  when  the  body  undertook  to  manage  the  reins 
which  the  soul  relinquished;  when  the  machine  was  so  com- 
pletely inverted,  that  the  powers  flowed  and  rolled  contrariwise, 
or  upwards  instead  of  downwards, — ^then,  in  order  that  the  ma- 
chine itself  might  not  be  prostrated  and  perish  by  its  forces  (h), 

nervous  fibre  was  the  prozimate  cause,  but  after  birth,  the  venous 
blood ;  as  I  think  was  proved  in  the  Economy  of  the  Animal  Kingdom, 
in  the  Chapter  on  the  Motion  of  the  Adult  Heart,  n.  512  teqq, ;  and 
in  the  Chi4>ter  on  the  Arteries  and  Veins,  n.  166 — 174.  Thus  the 
fibre  which  once  was  the  active,  motive  and  first  cause,  afterwards 
became  the  passive,  reactive  and  remote  cause.  All  the  other  structures 
that  depend  upon  the  heart  and  its  vessels,  appear  to  have  undergone 
a  similar  fate. 

(y)  The  same  conditions  are  predicable  of  the  sensoria,  as  of  the 
motoria  or  the  muscles  of  the  body.  The  organs  of  the  senses  are  the 
doors  through  which  the  varieties  of  the  world  fiow  in,  and  through 
which  they  penetrate  to  the  intimate  sphere,  in  short,  to  the  soul. 
For  instance  the  eye,  which  takes  up  the  images  represented  by  the 
mediation  of  the  ether,  and  conveys  them  through  the  optic  nerves  all 
the  way  to  the  brain,  and  to  the  principles  of  the  fibres  thereof,  and 
the  most  perfectly  organic  forms.  Likewise  the  ear,  which  drinks  the 
modulations  of  the  atmosphere,  and  transmits  them  through  the  fibres 
of  the  seventh  pair  of  nerves  to  the  same  destinations.  In  like  manner 
the  nares,  which  convey  their  smell  through  the  mammillary  processes ; 
and  the  tongue,  which  conveys  the  taste  in  the  same  way  through  its 
sensorial  fibres.  Thus  all  things  go  from  without  to  within ;  and  so 
much  is  this  the  case,  that  our  rational  mind  itself  has  to  be  educated, 
and  we  may  almost  say,  to  be  instructed  how  to  think  and  to  judge,  by 
its  own  ministering  organs.  See  below,  n.  458.  Thus  all  things  prove, 
that  the  animal  machine  is  so  formed,  that  the  active  forces  tend  inwards, 
until  a  kind  of  rational  principle  has  sprung  up,  and  has  been  so  fiur 
educated  by  these  influxes,  that  it  can  undertake  the  government,  and 
hold  the  reins  of  its  kingdom.  But  we  shall  treat  of  this  subject  in 
its  proper  place  in  the  sequel. 

(A)  If  we  examine  the  animal  machine  with  a  proper  amount  of 
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and  in  order  that  the  life  that  was  now  transferred  to  the  body, 
might  not  be  dissipated,  and  come  to  an  end,  it  was  provided 
and  appointed  that  the  lungs  should  perform  a  mediatorial  office 
between  the  soul  and  the  body ;  wherefore,  to  bring  them  into 
concord,  the  ordinances  that  follow  were  solemnly  decreed.  It 
was  decreed, — ^I.  That  the  alternate  respirations  of  the  lungs 
should  concur,  in  momenta  and  degrees,  with  the  alternate  ani- 
mations of  the  brains  (t).     II.  That  the  will  and  nature  should 

insight,  and  consider  it  according  to  the  laws  of  the  doctrine  of  order 
and  degrees,  we  shall  readily  see,  that  we  live  an  inverted  life,  in  fact, 
principally  a  corporeal  or  external  life,  and  in  no  wise  a  spiritual  or 
internal  life;  for  all  things  that  belong  to  the  very  hfe,  have  their 
beginnings  from  the  body,  and  penetrate  inwards.  This  is  the  reason 
why  we  are  sometimes  almost  persuaded,  that  it  is  the  body  alone  that 
lives ;  when  yet  all  the  life  of  the  body  flows  forth  entirely  from  the 
life  of  the  soul ;  for  we  are  deluded  and  led  by  the  fallacies  of  the 
senses,  for  instance,  to  believe,  that  it  is  the  eye  that  sees,  and  the 
ear  that  hears  ;  although  the  eye  and  the  ear  are  only  the  organs  or 
instruments  through  which  the  soul  perceives  the  modes  of  the  ulti- 
mate world :  thus  the  instrumental  cause  simulates  identity  with  the 
principal  cause.  It  is  perfectly  evident  that  these  sensoria  are  only 
organs  or  instruments,  from  the  very  nerves  that  convey  the  modes  of 
sensations  to  the  brain ;  and  it  is  equally  clear  that  these  senses  are 
changed  exactly  in  correspondence  to  the  changes  of  state  in  those 
nerves,  and  in  the  brain.  The  same  may  be  said  of  the  life  of  the 
whole  body,  which  life  is  purely  sensitive,  for  actions  are  the  determi- 
nations of  this  life,  which  are  alive  in  proportion  as  they  have  sensitive 
life  in  them.  But  we  must  not  delay  longer  at  present  over  these  con- 
siderations. Since  the  state  of  the  life  is  determined  so  completely  in 
contrariety  to  the  order  of  the  prior  and  former  nature,  hence,  unless 
this  had  been  foreseen,  and  provision  made  to  meet  it,  the  organic 
fabrics,  in  the  revolution,  might  easily  have  been  hurried  astray,  and 
have  come  to  ruin ;  like  machines  acting  against  their  wheels,  or  rivers 
against  their  sources.  But  these  dangers  are  met  from  the  very  begin- 
ning, and  this,  by  the  mediation  of  the  lungs. 

(t)  This,  I  think,  I  have  satisfactorily  proved  in  the  Economy  of 
the  Animal  Kingdom,  in  a  particular  Treatise  upon  the  Coincidence  of 
Motion  between  the  Brain  and  the  Lungs ;  and  I  have  given  further 
corroborations  of  it  in  the  present  Work,  in  the  Chapters  on  the  Lungs 
and  the  Pleura,  &c.     In  the  former  chapter  the  following  words  occur : 
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flow  into  every  act  of  the  respiration;  and  that  the  former 
should  conduct  the  inspirations^  the  latter^  the  expirations  (k) ; 
wherefore  the  cerebrum  was  appointed  to  preside  over  the  will, 
and  the  cerebellum  over  nature;  and  each  had  its  own  nerves 
allotted  to  it,  to  administer  its  department  (/).     III.  That  the 

"  The  respiration  of  the  lungs  flows  not  only  into  the  trunk  of  the 
body,  but  also  into  the  head,  and  into  its  organs  of  motion  and  sen- 
sation ;  and  in  fact  to  the  cerebrum,  the  very  fountain  of  its  motion, 
to  which  it  rises  in  infinite  streams,  as  it  were  in  meanders  and  circles, 
and  associates  itself  with  the  reciprocal  respirations,  or,  as  we  term 
them,  the  animations  of  the  cerebrum.  ^Thus  the  lungs,  and  the 
brains  with  the  medulla  oblongata  and  spinalis,  are  synchronous  in 
their  respective  animations  and  spirations ;  and  this,  in  order  that 
causes  may  act  harmonically,  and  conspire  in  operation,  with  eflects ; 
things  prior  with  things  posterior ;  and  the  spirit  of  the  soul  with  the 
spirit  of  the  body ;  and  in  order  that  there  may  be  an  influx  and  reflux 
of  the  one  into  the  other"  (n.  398).  See  also  ilnd,,  notes  (y)  and  (jt). 
The  reader  will  find  these  statements  established  more  in  detail,  by 
proo&  derived  from  the  nexus  of  substances,  consequently  of  efficient 
causes,  in  the  Chapter  on  the  Pleura,  &c,  n.  424. 

(k)  This  was  likewise  proved,  under  the  sanction  of  experience,  in 
the  Chapter  on  the  Lungs,  where  the  following  words  occur :  "  The 
contraction  of  the  voluntary  muscles,  united  with  the  action  of  the 
atmosphere,  gives  the  air  the  power  of  inflating  the  lungs,  and  of 
overcoming  nature ;  and  the  contractile  action  of  the  lungs,  in  conjunct 
tion  with  a  similar  action  on  the  part  of  the  levers  of  the  thorax, — the 
will  the  meanwhile  being  in  a  state  of  repose, — gives  nature  the  power 
of  throwing  out  the  encroaching  .^Bolus;  hence  the  province  of  the 
will  is  confined  to  admitting,  and  during  good  pleasure  retaining,  the 
atrial  guest ;  but  driving  it  out,  is  left  to  nature"  (n.  394).  See  also 
ibid.,  (m).  **  Nature  shares  the  empire  with  the  will,  for  the  latter  only 
constringes  the  nerves  and  reins  of  the  body,  and  keeps  them  con- 
stricted and  drawn  up,  so  long  as  it  pleases ;  but  as  soon  as  it  re- 
laxes its  hold,  then  nature  takes  up  the  government,  and  performs 
the  contrary  operation  ;  as  when  we  draw  a  bow,  and  then  releasing  it, 
shoot  ofiP  the  arrow,  in  which  case  the  first  act  belongs  to  the  will,  the 
second,  to  nature,  for  the  loosened  string  bounds  back  spontaneously, 
and  the  arrow  flies  to  its  aim"  (n.  400).     See  also  ibid.,  (m). 

(I)  Inasmuch  then  as  two  principles  bear  sway  in  the  animal  body, 
to  wit,  nature,  that  is,  the  soul,  in  which  this  nature  dwells,  and  the 
will,  we  may  conclude,  that  this  nature  flows  in,  under  the  auspices  of 
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lungs^  as  provisional  powers^  and  common  auxiliaries^  should 
flow  into  these  nerves^  by  the  forces  of  their  breathing  appa- 
ratus^ that  iBj  by  living  forces  of  constriction  and  expansion^ 
and  should  carry  on  the  spirit  of  the  fibres  of  the  cerebrum 
and  cerebellum^  until  it  arrived  at  effects^  or  at  the  goals  of 
causes  (m).  IV.  That  the  lungs  should  infuse  the  general  ani- 
mations and  motions  of  the  cerebellum^  into  the  members  and 

the  supreme  mind^  ftom  first  caoses^  through  intermediate  causes,  into 
effects ;  and  that  the  will  determines  nothing  into  act,  except  according 
to  those  things  of  which  the  rational  mind  has  been  informed  by  the 
senses  of  the  body :  wherefore  also  the  rational  mind  produces  nothing 
by  its  will,  as  the  principle  of  its  actions,  but  what  it  has  first  imbibed 
and  laid  hold  of  by  the  way  of  analysis,  or  of  the  senses.  Thus,  since 
two  principles  of  action  exist  in  one  body,  it  is  necessary  that  there 
should  be  two  brains ;  one  of  them  to  be  subject  to  the  empire  of 
nature ;  the  other,  to  the  empire  of  the  will.  Were  there  only  one, 
then  either  nature  alone  would  rule,  in  which  case  there  would  be  no 
need  of  external  organs  for  instruction,  for  the  life  under  whose  auspices 
nature  acts  is  infinitely  superior  in  wisdom  to  our  inmost  sensitive  life ; 
or  else  the  will  alone  would  rule,  in  which  case  all  things  would  go  to 
wreck,  and  perish  in  less  than  a  moment.  Therefore  nerves  pro« 
ceed  separately  fit)m  these  two  brains,  by  which  nerves  operations 
are  determined,  and  which  dividedly  administer  the  government  of  the 
kingdom. 

(m)  It  was  shewn  above  in  the  Chapter  on  the  Lungs,  that  those 
organs,  by  their  respirations,  or  alternate  expansions  and  constrictions, 
influence  the  nerves  themselves,  particularly  those  of  the  cerebellum, 
namely,  the  great  sympathetic  nerves,  and  the  par  vagum ;  and  as  ex* 
temal,  corporeal  and  general  causes,  excite  them  to  action  (n.  399) ; 
and  this,  principally  by  the  mediation  of  the  pleura  and  the  diaphragm 
(n.  447,  448).  For  in  order  that  the  organic  fabrics  or  the  viscera 
may  be  roused  to  their  respective  modes  of  operating,  it  is  not  sufficient 
that  their  nerves  be  inspired  by  the  brains,  but  it  is  also  necessary  that 
the  lungs,  as  general  auxiliaries,  infuse  the  respiratory  motion,  which 
is  brought  to  pass  by  an  action  upon  the  pleura,  the  diaphragm,  the 
peritonaeum,  and  their  ligaments ;  as  well  as  by  an  accordant  action 
upon  the  nerves  themselves.  This  is  the  reason  why  the  viscera  of  the 
abdomen  are  not  inaugurated  into  their  offices  until  after  the  opening 
of  the  lungs.  That  the  lungs  exert  a  similar  influence  and  operation 
upon  the  phrenic  nerves,  see  n.  449,  450. 
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yiflcera  of  the  whole  body^  by  actions  directed  npon  the  nerves 
of  the  cerebellum^  as  well  as  upon  the  mediastinum^  the  pleura, 
and  the  diaphragm^  and  by  the  mediation  of  these  parts  (n). 
y.  That  the  lungs  should  enter  all  actions  conmianded  by  the 
cerebrum^  or  the  will,  and  the  very  forms  of  all  actions,  with 
an  assistant  determination.  And  moreover  should  inspire  them 
with  all  the  spirit  and  fire  of  the  will;  so  that  all  things 
should  be  brought  out  in  the  last  sphere,  precisely  as  they  are 
represented  in  the  first  (o).  VI.  That  the  lungs  should  live  and 
act  entirely  under  the  control  and  in  the  service  of  the  cere* 
brum ;  so  much  so,  as  to  enunciate  and  manifest  by  the  larynx, 
prefixed  as  a  head  to  their  pipes,  what  the  cerebrum  revolves, 
cogitates,  and  decides,  or  what  it  commands  to  be  uttered  {p). 
YII.  That  the  lungs  should  in  no  respect  disturb  the  modes,  or 
systolic  and  diastolic  movements,  of  their  neighbor  the  heart,  and 
its  arteries,  but  simply  procure  for  these  parts,  by  influx  into 
their  nerves,  the  power  of  acting  according  to  causes  generated 
in  the  body,  or  by  the  blood  (y).     And  that  the  heart  on  the 

(n)  On  this  subject  see  the  Chapter  on  the  Lungs,  n.  395,  396. 
In  that  Chapter  it  was  shewn,  that  *'  the  lungs  not  only  effuse  their 
moving  breath  or  breathing  motion  into  the  general  connecting  media 
of  the  body, — as  the  tunics,  the  muscles,  and  the  septa, — and  thence 
into  the  viscera  enclosed  thereby,  as  the  stomach,  the  hver,  the  mesen- 
tery, the  pancreas,  the  spleen,  the  kidneys,  the  bladder,  the  testicles, 
the  vesiculse  seminales,  the  uterus,  the  ovaries,  and  the  rest ;  but  they 
also  infuse  it  into  the  distinct  particular  congeries  and  simple  forms  of 
those  viscera,  that  is  to  say,  into  their  lobules,  glands,  and  foUides, 
down  to  the  very  intimate  recesses  of  each :  and  tiius  the  lungs  excite 
them,  every  one,  in  their  general  form  as  well  as  in  all  their  parts,  to 
operate  in  accordance  to  their  nature  and  structure,  inspiring  force  into 
potency,  and  thereby  giving  birth  to  natural  effects  or  actions"  &c. 
(n.  396).  See  also  the  Chapter  on  the  Diaphragm,  n.  450  ;  and  the 
chapters  on  the  several  viscera  of  the  abdomen  in  Part  I.  of  the  Work. 

(o)  The  reader  will  find  these  points  also  treated  of  in  the  Chapter 
on  the  Lungs,  n.  399—402. 

(p)  This  was  clearly  explained  in  the  Chi4>ter  on  the  Lungs, 
n.  403. 

(q)  That  the  lungs  extend  their  sphere  of  activity  to  the  heart 
itself,  and  to  all  its  arteries  and  veins,  see  n.  397,  where  the  following 

z2 
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other  hand^  by  the  puknonary  artery  as  a  common  key,  should 
imlock  the  lungs,  and  thus  constantly  place  the  uniyersal  cor- 
poreal machine  imder  the  power  and  auspices  of  their  motions ; 
and  by  its  blood  should  give  back  to  the  lungs  in  like  manner 
the  power  of  acting  according  to  their  causes  (r).    VIII.  That 

passage  occurs :  ''  The  lungs  .  .  .  foster  in  their  embrace  this  ruler  of 
the  kingdom,  press  him  to  their  breasts,  and  reciprocate  the  act  of 
loTe ;  for  they  hkewise  enter  his  pericardium  with  their  common  coat, 
by  means  of  the  mediastinum  and  the  diaphragm ;  and  they  enter  the 
sinus  of  his  left  auricle,  with  all  their  blood.  Tenons  constitution, 
marrow  and  life  :  nay,  they  even  surround  his  great  arteries  and  veins, 
the  aorta  and  the  vena  cava,  with  the  pleura,  with  the  diaphragm,  and 
finally  with  the  peritoneeum ;  and  more  than  this,  they  enswathe  his 
bifurcations,  I  mean,  the  ischiadic,  spermatic,  and  many  other  vessels, 
with  a  similar  covering.  Thus  the  lungs  extend  their  action  to  these 
parts,  as  well  as  to  their  head,  the  heart ;  so  that  wherever  the  heart 
penetrates  by  means  of  the  arteries, — whithersoever  it  carries  the  cir- 
culatory motion, — thither  also  it  brings  with  it  the  spirit  of  the  lungs. 
The  heart,  by  means  of  the  arteries,  difiPiises  the  blood,  or  the  cor- 
poreal soul,  in  all  directions,  while  the  lungs  affuse  the  spirit  of  this 
world,  the  ultimate  and  corporeal  spirit.  Hence  the  ultimate  or  cor- 
poreal hfe  is  the  result  of  the  union  of  these  two  principles,  the 
preliminary  scene  of  its  drama  being  opened  and  commenced  by  the 
lungs  at  birth,  when  we  make  our  first  entrance  upon- the  theatre  of 
this  world's  life."  That  the  lungs  also,  by  their  action  upon  the  car- 
diac nerves,  communicate  to  the  heart  the  power  of  acting,  and  in  no 
way  trench  upon  it,  or  hinder  it  from  performing  its  alternate  motions, 
see  above,  n.  423,  where  the  following  condition  was  stated  to  be  one 
of  the  terms  of  a  covenant  between  the  lungs  and  the  heart :  ''  That 
the  lungs,  during  each  alternate  draught,  do  admit,  and  lend  their 
asssistance  to  infuse,  the  living  spirit  of  the  cerebrum  and  cerebellum 
into  every  nerve  and  muscle  of  the  heart,  its  auricles,  arteries  and 
veins ;  so  that  the  heart  may  perpetually  enjoy  the  power  of  performing 
its  systole  and  diastole,  of  which  if  deprived,  it,  and  its  vascular  ap- 
paratus, would  fall  and  die."     See  also  ibid.,  note  (c). 

(r)  This  was  laid  down  above  in  the  Chapter  on  the  Pleura,  n.  423, 
in  the  following  words :  ''On  the  other  hand,  that  the  heart  do  pour 
forth  through  the  venous  arteiy,  all  its  own  or  the  body's  blood,  for 
the  lungs  to  conduct  to  those  innermost  places  of  comitia  or  meeting, 
for  the  purpose  of  renewing  the  terms  of  the  covenant  every  time ;  so 
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the  heart  with  its  blood  and  pericardium^  and  the  cerebrum 

with  its  spirit  and  dura  mater,  should  meet  together  at  the 
pulmonary  vesicles,  and  thus  in  the  innermost  sphere  of  the 
lungs,  in  which  as  from  its  first  causes  their  mediatorial  office 
commences  («).  These  are  the  conditions  and  solemn  ordiiuinces 
by  which  the  discords  of  the  new  life  are  brought  into  con- 
cord. But  in  spite  of  all,  perpetual  contentions  prevail,  which 
constantly  rend  and  depopulate  the  ill-adjusted  state;  whence 
sickness,  disease,  old  age,  and  the  necessity  of  death  (/). 

that  the  lungs  likewise  may  perpetually  enjoy  the  power  of  maintaining 
their  respiratory  alternations,  of  which  if  deprived,  they  and  their 
air-pipes  would  collapse  and  perish."  See  also  iUd.y  note  (c?).  For 
unless  the  heart  flowed  with  its  blood  into  the  lungs,  the  latter  could 
not  possibly  be  raised,  or  exercise  their  respiratory  alternations  ;  thus 
the  one  obtains  the  power  of  acting  from  the  other ;  but  besides  this, 
the  one  does  not  in  the  slightest  degree  influence  the  other's  modes  of 
action.  Hence  it  appears,  that  the  pulmonary  artery  is  the  very  key 
which  opens  the  door  to  all  the  operations  that  result  from  the  action  of 
the  lungs ;  for  were  it  not  for  the  influx  of  blood  from  the  heart 
through  this  artery  into  the  lungs,  not  only  they,  but  all  the  rest  of 
the  machine  that  depends  upon  them  as  its  wheel,  would  come  to  a 
stand-still. 

{s)  It  was  shewn  above  in  the  Chapter  on  the  Lungs,  that  the  heart 
flows  in  with  its  blood  and  pericardium  all  the  way  to  the  innermost 
parts  of  those  organs.  That  the  cerebrum  also  flows  in  thither  with  its 
dura  mater,  see  the  Chapter  on  the  Nose,  n.  345,  348,  where  a  com- 
munication was  shewn  to  exist  between  the  two  meninges,  and  even 
between  the  medullary  part  of  the  cerebrum,  and  the  pituitary  mem- 
brane of  the  nares,  by  the  medium  of  the  olfactory  nerves ;  also  a 
continuation  of  the  pituitary  membrane  not  only  over  the  palate,  but 
also  into  the  larynx  and  trachea,  and  consequently  into  the  bronchia, 
and  their  ultimate  vesicles.  From  this  continuity  and  meeting  it  follows, 
that  the  heart  and  the  brain  are  concentred,  by  means  of  their  external 
coats,  in  the  innermost  parts  of  the  limgs,  and  that  thus  they  both 
acknowledge  the  lungs  as  mediators  between  the  operations  of  both, 
according  to  the  proposition  of  the  paragraph. 

{t)  If  we  attend  to  the  causes  that  are  perpetually  throwing  our 
blood  and  animal  spirit  into  turmoils  and  changes  of  state,  it  will  be 
sufficiently  evident,  that  the  causes  of  the  diseases,  old  i^e,  and  death, 
of  the  subjects  of  the  animal  kingdom,  are  derived  from  the  above 
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458.  Since^  therefore,  we  are  inaugtorated  into  this  life,  that 
tends  backwards  from  the  last  stages  of  the  course  to  the  firsts 
the  consequence  is,  that  we  are  bom  in  the  densest  obscurity, 
ignorant  of  all  things,  and  the  merest  of  infants;  for  the  forces 
of  the  body,  which  are  now  the  first  causes,  feeling  nothing  of 
themselyes  (u).  Thus  we  live  but  little,  if  at  all,  in  early  in- 
fancy, for  to  feel  is  to  live :  yet  this  yery  life  increases,  grows, 
and  approximates  to  perfection,  as  age  advances.  For  the  sen- 
soria  of  the  body  are  opened,  into  which  the  visible  world  flows, 
at  first  generally,  indistinctly,  and  obscurely,  with  its  modes 
and  images  («).    These  modes  creep  up  to  the  sensoria  of  the 

source ;  I  mean,  from  our  inverted  state  of  life,  and  the  continual 
collisions  and  combats  arising  therefrom.  It  will  be  shewn,  as  I  hope 
very  clearly,  in  another  place,  that  these  are  the  intimate  causes  of  all 
diseases,  consequently  of  old  age  and  death. 

(u)  It  is  a  certain  truth,  that  matter  and  body  cannot  feel,  still 
less  feel  preeminently,  or  understand  and  think :  this  b  repugnant  to 
their  nature.  Considering  then  that  life  has  been  transferred  as  it  were 
to  the  ultimate  mahce  of  the  body,  and  more  than  this,  that  all  pas- 
sage has  been  preduded  from  the  outermost  to  the  interior  sensoria,  it 
follows,  that  the  communication  having  been  taken  away,  we  possess 
very  little  life  in  early  infancy ;  for  the  brain  is  appointed  to  preside 
over  the  external  sensoria,  and  the  way  to  the  brain  is  not  yet  laid 
down  or  made  ready.  Moreover,  it  seems  to  be  oontraiy  to  die  laws 
of  the  order  established  by  the  Supreme  Divinity,  that  this  ultimate, 
obscure  and  indistinct  life,  should  immediately  commix,  or  should  be 
confounded,  with  the  life  that  is  intimate,  dear,  and  most  distinct : 
wha^fore  not  only  does  a  wide  interval  forbid,  but  barriers  also  are 
interposed.  Nay,  even  in  adult  age,  these  lives  seem  to  be  so  perfectly 
separate,  that  while  the  one  is  acting,  the  other  must  cease  to  act ;  for 
while  we  are  thinking  intently,  the  external  senses  are  spontaneously 
blunted,  or  deprived  of  their  acumen. 

(«)  In  the  first  instance  objects  flow  into  the  senses  in  the  most 
general  manner ;  in  fact,  the  universe  is  represented  as  one  indistinct 
thing :  afterwards,  less  general  objects,  and  in  process  of  time  par- 
ticulars, insinuate  themselves.  Thus  the  last  compounds  strike  the 
senses  first,  and  afterwards  the  difierent  things  that  enter  into  the 
compound,  until  at  last  we  perceive  its  parts  distinctly.  It  has  been 
frequently  observed  before  in  our  analytical  disquisitions,  for  instance, 
in  speaking  of  the  liver  and  the  heart,  that  throughout  universal  nature. 
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cerebrum^  which  have  been  rendered  accessible  by  conducting 
fibres^  and  produce  changes  of  state  therein,  by  which  they  teach 
[them]  to  receive,  retain  (y),  and  at  last  to  perceive,  that  which 
comes  up  and  penetrates  through  the  external  organic  doors. 
Then,  in  process  of  time,  sensual  images,  adopted  internally  in 
the  sensorium  of  the  cerebrum,  become  ideas;  at  first  analogous 
to  sensual  [ideas]  ;  afterwards,  disposed  into  forms  and  series, 
they  become  proximately  higher,  or  imaginative  ideas ;  these  at 
length  put  on  rational  forms,  and  become  intellectual  ideas  {z). 
Thus  we  are  instructed  by  the  world,  by  means  of  the  senses, 

essences  are  at  fint  thrown  together  as  it  were  in  a  rade  chaos,  and 
there  oonfoonded  with  each  other,  but  that  presently,  by  means  of 
divers  organs  implied  for  the  purpose,  they  are  divided  and  coonted  out 
into  parts,  and  down  to  their  unities,  and  so  those  things  are  brought 
out  or  evolved,  that  will  contribute  to  the  object  in  view,  or  to  the 
effect  of  the  end. 

(  y)  It  vnll  be  shewn  in  our  Psychology,  that  the  sensual  images  or 
modes  that  come  up  through  the  external  sensoria,  produce  changes  of 
state  in  the  internal  sensoria,  and  that  these  changes,  which  correspond 
to  ideas,  are  themselves  the  ideas  that  are  said  to  be  imprinted  upon 
the  memory.  But  to  state  here,  in  advance,  the  place  and  manner  in 
which  these  changes  are  effected,  without  having  previously  treated  of 
the  brain  and  its  organism,  would,  I  think,  be  premature.  Mean- 
while the  following  process  is  known  to  us  all;  that  sensual  modes 
are  first  simply  received,  and  fixed  in  the  memory,  and  that  by  the 
con^lnnation  of  them  in  various  forms,  a  species  of  imagination  is 
called  forth,  which  increases  for  the  most  part  as  the  memory  becomes 
stored. 

(g)  We  may  all  ascertain  by  reflecting  upon  our  own  minds,  that 
the  ideas  which  constitute  the  imagination,  arise  firom  a  number  of 
ideas  analogous  to  visual  [images] ;  and  that  the  ideas  which  enter 
[into  the  form  of]  thought,  and  are  termed  rational  and  intellectual, 
arise  again  firom  numbers  of  these  imaginative  ideas  disposed  in  analytic 
fi>nn8 :  thus  the  higher  ideas  are  generated  by  a  continual  formation 
and  as  it  were  multiplication  of  the  lower  ideas.  But  such  elevation  to 
a  higher  power  cannot  possibly  be  accomplished,  without  a  certain 
higher  or  spiritual  power,  which  as  it  were  presents  itself  and  flows  in ; 
for  that  higher  principle  that  rules  the  thoughts,  and  disposes  the 
ideas  of  though  in  analytic  fi>rms,  cannot  possibly  be  natural,  but  is 
spiritual,  or  is  the  veriest  life  of  the  thoughts. 
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the  ministers  of  the  life  of  the  body,  and  are  led  fix)m  the  dark- 
ness of  ignorance  more  or  less  into  the  light  of  knowledge. 
There  is  in  the  cerebrum  an  eminent  sensorium,  and  intimate 
recesses  therein,  whither  these  sensual  rays  of  the  body  ascend, 
and  where  they  can  moimt  no  further  {a) ;  there  the  soul  re- 
sides, clad  in  the  noblest  garment  of  organization  (A),  and  sits 
to  meet  the  ideas  emerging  thither,  and  receives  them  as  guests. 
This  high  and  noble  place  is  the  innermost  sensorium,  and  it  is 
the  boundary  at  which  the  ascent  of  the  life  of  the  body  ceases, 
and  the  boundary  from  which  that  of  the  soul,  considered  as  a 
spiritual  essence,  begins.  Here  especially,  the  soul  infuses  her 
power,  and  communicates  the  faculty  whereby  images  become 
ideas,  may  be  convoluted  and  distributed  into  rational  forms  or 
analyses,  and  may  put  on  a  certain  spiritual  attire  {c) ;  that  is 
to  say,  whereby  we  are  empowered  to  think  below  and  above 
ourselves  fi^m  objects  of  the  understanding,  to  conclude  fr^m 
thoughts,  to  judge  from  conclusions,  to  choose  from  judgments, 
and  thus  to  will  and  determine.     Besides  giving  power  and 

(a)  This  eminent  organism  will  be  treated  of  in  the  Parts  on  the 
Cerebrum,  and  the  Cortical  and  Medullary  Substances  thereof:  for 
sensual  images  and  modes,  Bowing  along  the  continuous  fibres,  cannot 
stop  excepting  in  the  last  and  first  boundaries  of  the  fibres. 

(b)  If  the  soul  be  the  principle  of  active  life  in  the  body,  and  if  it 
flows  in  through  first  and  through  mediate  causes,  into  ultimate  causes 
or  effects,  then  the  doctrine,  that  the  causes  by  means  of  which  the 
soul  prepares  the  ways  for  itself,  are  formed  organically,  is  clearly  a 
derivation  from  the  fountain  of  pure  philosophy ;  for  whatever  is  the 
cause  of  the  principle,  is  its  instrumental  cause.  Wherefore  tbis  first 
cause  is  said  to  be  organic  in  the  most  eminent  degree,  or  as  an  oi^an- 
ism  infinitely  to  excel  the  inferior  organic  forms  in  perfection. 

(c)  Ideas  themselves,  intrinsically  considered,  are  material,  for  they 
only  flow  in  from  the  body  by  way  of  the  senses ;  but  when  disposed 
in  analytic  order,  they  are  no  longer  to  be  reckoned  material,  but  ra- 
tional. The  task  of  disposing  them  thus  can  only  be  sustained  by  life 
itself;  wherefore  to  live  is  to  feel,  eminently  to  live  is  to  think  and  to 
judge.  The  soul  itself,  as  we  have  often  pointed  out  in  our  Analyses, 
only  regards  ends,  and  in  effects,  uses,  which  are  its  ends  ;  wherefore 
we  live  more  perfectly,  the  more  we  respect  ends,  and  more  sublimely, 
the  higher  the  ends. 
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bcuity,  the  soul  gives  us  to  distmguish,  and  as  it  were  inti- 
mately to  feel^  whether  the  forms  of  images^  and  in  fine  whether 
the  forms  of  ideas^  are  in  agreement  or  dissonance  with  the 
order  in  which  she  herself  is ;  if  the  former^  she  receives  them 
with  somewhat  of  love;  if  the  latter^  with  aversion  (rf).     The 

(d)  It  is  sufficiently  manifest  from  the  very  series  of  onr  propo- 
sitions, that  there  are  no  innate  ideas  in  the  human  mind.  The  act  of 
imparting  the  power  whereby  ideas  may  be  distributed  in  analytic  order, 
is  as  different  from  ideas,  as  the  corporeal  sphere  from  the  spiritual,  or 
as  analysis  from  the  ratios  of  which  it  is  formed.  Collecting  and 
supplying  materials,  is  one  thing ;  building  them  into  a  house,  is  quite 
another.  See  above,  n.  423,  notes  (c)  and  (e).  The  intimate  faculty 
of  feeling  the  goodness  of  forms,  appears  to  be  the  only  innate  pos- 
session that  we  have ;  as  was  pointed  out  in  the  Proline  to  Part  I., 
in  the  following  words :  "  The  faculty  of  apprehending  the  goodness 
of  all  forms,  consequently  also  the  secret  delights  of  truth,  is  inherent 
and  as  it  were  connate  in  our  senses,  both  external  and  internal.  The 
ear,  although  untutored,  apprehends,  and  in  some  degree  feels,  the 
measures,  the  harmony,  and  the  melody  of  tunes;  for  the  mind  is 
straightway  affected  in  a  corresponding  manner :  the  eye  spontaneously 
apprehends  the  beauties  of  nature,  and  the  graceful  and  harmonic  con- 
nexions between  different  objects :  the  tongue  apprehends  the  agreeable 
qualities  of  viands  and  wines ;  and  the  nostrils,  the  fragrancies  of 
various  odors.  So  the  rational  mind,  that  is,  the  intellect,  unhesi- 
tatingly distinguishes  the  truths  of  things,  and  the  forms  consonant  to 
the  order  of  nature, — at  once  to  the  nature  of  the  universe,  and  to 
that  of  the  intellect  itself;  for  they  sweetly  sooth  and  please,  and  call 
forth  deeply-hidden  affections;  wherefore,  whenever  a  truth  shines 
forth,  the  mind  exnlts  and  rejoices : — ^a  proof  that  a  certain  superior 
mind  or  soul,  (which  imparts  to  its  mind,  that  is,  to  our  rational 
faculty,  a  faculty  inferior  and  subject  to  it,  the  power  of  perceiving, 
thinking,  judging,  and  deciding,)  at  such  times  becomes  kindlier, 
more  free,  as  if  liberated  from  chains,  more  active,  more  present  in  its 
influence,  and  closer  in  its  correspondence.  For  the  soul,  which  flows 
with  its  light  into  the  sphere  of  the  intellectual  mind,  has  order  and 
truth  in  it,  and  thus,  by  virtue  of  its  very  nature,  it  feels,  approves, 
and  indicates,  in  a  certain  universal  manner,  the  presence  of  whatever 
is  congruous  or  harmonic.  What  appears  thus  connate,  is,  however, 
an  affection  only,  not  a  particular  idea ;  since  all  particular  ideas  are 
learnt  and  formed  by  way  of  the  senses  and  their  organs*'  (n.  2). 
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intellect  of  the  human  mind  is  generated  by  the  cooperation  [of 
these  two  gifts  of  the  soul]. 

459.  Such  appears  to  be  the  groimd  why  what  is  termed  the 
ANALYTIC  way^  or  that  which  conducts  us  firom  the  posterior  to 
the  prior  sphere^  or  from  effects  to  causes^  that  is^  from  the 
body  to  the  soul^  is  the  only  way  whereby  the  human  race  is 
permitted  to  attain  knowledge  and  finally  wisdom  {e) ;  and  why 
the  other^  or  the  synthetic^  which  goes  in  the  opposite  direc- 
tion to  the  analytic^  is  the  way  of  superior  beings^  and^  there- 
fore^ closed  against^  and  even  interdicted  to^  the  inhabitants  of 
the  lowest  world,  or  the  dwellers  upon  the  earth ;  for  those  who 
pursue  it,  rush  into  continual  errors  and  fallacies,  and  at  last 
into  insanities,  like  men  kicking  against  the  pricks,  and  daring 
upon  forbidden  ground  (/).  Thus  we  can  never  arrive  at  the 
piimacle  of  human  knowledge  and  human  wisdom,  except  by 
continual  analyses  and  concatenated  series,  derived  by  induc- 
tion, with  the  assistance  of  the  sciences,  fi*om  phenomena  and 
effects  j  and  even  then,  indeed,  we  can  never  mount  to  truths, 
whether  natural  or  moral,  still  less  to  an  understanding  of  spi- 
ritual truths,  without  the  influx  of  a  higher  power  {g).  There 
are  then  three  causes  which  lead  us  to  intelligence;  namely, 
ministering  causes,  mediate  causes,  and  efficient  causes.    Ex^ 

(e)  See  the  description  of  the  analytic  way  or  method,  in  the  Pro- 
logue, Part  I.,  n.  11. 

(/)  Bespecdng  the  manner  in  which  the  synthetic  method  carries 
the  human  mind  altogether  astray  from  the  truth,  and  leads  it  into 
errors,  and  for  the  most  part  into  insanities,  which  nevertheless  appear 
to  be  rational,  see  Part  I.,  n.  9,  10 ;  from  which  it  will  be  sufficient 
here  to  cite  the  following :  **  Hence  errors,  mental  obscurity,  fallacies, 
and  strife ;  civil  wars  between  the  soul  and  the  body ;  scholastic  con- 
tentioos  i^ut  straws  and  trifles ;  the  flight  and  exile  of  truths ;  and 
stupor  and  thick  darkness  in  those  very  things  where  the  light  is  most 
briUiaat:  and  this  to  such  an  extent,  that  the  very  altars  and  thdjr 
saered  fire  are  contaminated ;  which  is  the  reason  why  the  philosophy 
of  tiM  human  mind  is  solemnly  proscribed  in  the  divine  records.  All 
tibese  Ihings  flow  from  that  single  source, — ^we  mean,  from  the  habit 
and  the  propenfiity  of  reasoning  synthetically"  (n.  9). 

(g)  ThoM  subject  is  ^plained  in  detail  in  the  Mowing  pages,  m  Uie 
series  of  the  aigwnent. 
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perience  is  the  first  or  mimstering  cause ;  the  sciences  are  the 
second  or  mediate  cause ;  the  f acuity  of  thinking  distinctly  is  the 
third  or  efficient  cause. 

460.  With  respect  to  the  first  division^  or  experience^  it  ig 
this  that  supplies  the  objects  of  rational  analyses^  and  the  indi- 
vidual links  of  the  chain^  and  as  it  were  the  materials  for  build- 
ing the  edifice  (A).  For  nature  and  the  visible  world  flow  with 
these  as  their  treasures^  first  into  the  organs  of  the  senses^  and 
through  their  open  doors  to  the  general  sensorium^  and  at 
length  present  them  for  adaptation  into  analytic  series  as  so 
many  rational  ideas  and  quantities.     Each  sense  brings  its  gifts 

(A)  Experience  is  a  word  of  very  broad  signification.  It  not  only 
inyolyes  those  things  that  have  been  discovered  by  the  learned  in  the 
course  of  ages^  committed  to  writings  and  made  part  of  learning, — as 
the  experience  of  e£Pects»  or  observations  made  i:^n  the  three  kingdoms 
of  nature,  the  mineral,  the  vegetable,  and  the  animal, — hence  metal- 
lurgy, botany,  chemistry,  anatomy,  and  in  general  all  physical  and 
natural  learning;  bat  it  also  involves  those  particulars  that  concern 
societies  of  men,  their  forms  of  government,  customs  and  laws ;  as 
well  as  many  other  things  that  properly  belong  to  experience,  by  virtue 
of  which  [experience]  we  are  enabled  to  deduce  and  discover  those 
things  that  are  hidden  in  nature,  or  that  are  comparatively  remote  from 
our  external  senses.  Among  the  materials  of  experience  may  also  be 
reckoned  those  products  that  have  been  develq>ed  by  the  skill  and  in- 
genuity of  Uie  learned  from  the  things  just  enumerated ;  for  after  they 
are  once  proclaimed,  they  become  materials  that,  like  the  others,  are 
fixed  in  the  memory;  and  when  registered  among  the  sciences,  they  serve 
as  bases  for  fur^er  investigation.  But  experience,  in  its  most  general 
sense,  comprehends  the  whole  collection  of  those  things  that  have  been 
examined  by  us,  with  the  organs  of  the  senses,  from  early  infancy  to 
adult  age;  in  fact,  that  have  been  seen,  heard,  tasted,  smelt,  or 
touched ;  and  that  are  fixed  in  our  memories  in  the  form  of  material 
ideas,  and  expressed  by  the  formulas  of  words,  of  which  i^peech  is 
composed.  For  there  are  so  many  objects  of  the  senses  presented  to 
every  one  fVom  his  early  infancy.  By  means  of  these  ideas,  or  these 
materials  of  primitive  experience,  we  learn  to  comprehend  and  express 
the  matters  spoken  of  above  ;  Uiose,  namely,  that  have  been  discovered 
by  the  learned  worid,  and  made  part  of  leannng.  Thus  whatever  enters 
by  the  senses,  and  remains  in  ttie  memory  in  the  form  of  an  idea,  be- 
longs to  sensual  experience. 
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and  its  treasures^  and  submits  them  to  a  kind  of  vision^  not 
dissimilar  to  ocular  vision  {%),  and  thus  carries  them  to  the 
memory,  into  the  little  cells  or  receptacles  thereof,  firom  the 
gathered  stores  of  which  the  rational  mind  chooses  whatever 
suits  its  purposes,  and  takes  it  out  and  mingles  it  with  its  reasons. 
Hence,  in  proportion  as  the  memory  is  enriched  and  provided 
with  these  materials,  in  the  same  proportion  the  rational  mind, 
if  backed  by  a  happy  genius,  will  be  able  skilfully,  feUcitously, 
and  approximately  and  agreeably  to  the  truth,  to  distribute  its 
analyses  into  series,  to  adjust  and  conclude  them,  of  many 
analytic  conclusions  again  to  form  new  analyses,  and  in  the  end 
to  evolve  its  ultimate  analyses  {k).  But  to  explore  causes  fix>m 
e£Pects  by  this  way,  ends  &om  means,  consequences  firom  pre- 
mises, or  those  things  that  are  hidden  from  those  that  are  appa- 
rent to  the  senses,  is  an  arduous  and  vast  undertaking.  The 
experience  of  one  man's  five  senses,  although  he  should  outlive 
the  years  of  Nestor,  is  slender  and  poor  indeed.  We  need 
accumulations  of  effects  and  phenomena,  collected  by  numerous 
laborers  in  the  field,  and  during  successive  lifetimes,  and  even 
centuries ;  for  we  must  be  instructed  by  all  things  of  one  thing. 


(i)  This  may  be  best  seen  from  articulate  sounds  ;  for  each  word  or 
formula  represents  one  idea  similar  to  a  visual  idea ;  and  as  this  calls 
forth  other  kindred  and  similar  ideas,  there  arises  a  kind  of  internal 
sight,  which  is  termed  imagination  ;  and  again,  when  the  ideas  of  the 
imagination  are  put  together  in  a  certain  rational  series,  there  arises  an 
intiraatie  sight,  which  constitutes  thought :  shewing  that  the  objects  of 
the  external  senses  become  converted  in  the  first  instance  into  visual 
images,  before  they  are  exalted  into  rational  [images],  and  finally 
sublimated  into  the  semblance  of  spiritual  [images]. 

(k)  This  is  corroborated  by  the  common  opinion,  that  the  know- 
ledge and  intelligence  of  an  individual  are  in  proportion  to  the  furniture 
of  his  memory.  But  it  does  not  follow  from  this,  that  a  powerM 
memory  is  always  accompanied  by  ability,  or  by  an  understanding  of 
equal  grasp.  For  the  faculty  of  reducing  the  contents  of  the  memory 
to  order,  is  a  fresh  intellectual  requisite.  An  edifice  is  not  built,  sim- 
ply by  the  acccumulation  of  implements,  bricks,  tiles,  and  other  mate- 
rials; these  are  only  confused  preparations:  art  and  skill  must  be 
tasked  to  put  all  things  together  in  their  places. 
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if  we  are  to  know  that  one  thing  thoroughly  (/).  Each  contri- 
butes in  some  degree,  and  brings  as  it  were  its  particular  stone, 
to  build  this  edifice  that  truths  can  inhabit.  It  is  the  province 
of  the  builder  to  fit  everything  into  its  proper  place,  so  that  all 
the  materials  shall  be  beautifully  coherent,  and  harmonious  in 
their  tendency.  Hence  the  learned  world,  and  mediately  the 
other  branches  of  society,  are  furnished  with  the  appliances  and 
means  of  attaining  knowledge  and  wisdom,  in  proportion  as 
they  are  rich  in  the  stores  of  experience.  Of  these  stores 
memory  is  the  treasurer. 

461.  With  respect  to  the  sciences,  or  the  methods  and  arts 
that  constitute  the  mediate  or  mediant  causes,  they  are  the 
mistresses  which  teach  us  to  reduce  the  accumulations  of  expe- 
rience to  order,  to  select  what  is  fitting,  to  insert  it  in  the  be- 
coming place,  and  as  architects  to  construct  the  edifice,  so  that 
all  things  shall  be  put  together  according  to  rule  (m).     Then 

(t)  This  was  laid  down  more  fully  in  our  Economy  of  the  Animal 
Kingdom^  n.  12 — 17;  where  the  following  words  occur:  "Thus,  in 
investigating  the  causes  of  the  action  of  muscle,  or  the  qualities  of  the 
moving  fibre,  unless  we  combine  the  particular  experience  of  one  indi- 
vidual with  all  the  experience  of  others ;  and  unless,  in  addition  to  this, 
we  take  into  account  the  experience  recorded  of  the  blood,  the  arteries, 
the  heart,  the  nerves,  the  nervous  ganglia,  the  glands,  the  medulla 
spinalis,  the  medulla  oblongata,  the  cerebellum,  the  cerebrum,  and  all 
the  other  members,  organs,  and  tunics,  endowed  with  the  power  of 
muscular  motion :  and  furthermore,  unless  we  avail  ourselves  of  the 
facts  that  have  been  brought  to  light  in  physics  and  mechanics,  respect- 
ing forces,  elasticity,  motion,  and  many  other  subjects, — ^unless  we  do  all 
this,  we  shall  assuredly  be  disappointed  of  the  result  for  which  we  are 
striving"  (Ibid.,  n.  13). 

(m)  This  is  not  the  proper  place  to  discuss  the  use  of  any  science 
in  particular,  but  only  of  science  generally.  The  empirical  sciences 
yield  nothing  more  than  materials  and  instruments,  but  the  theoretical 
sciences  give  the  laws  and  rules  according  to  which  we  are  to  work. 
The  latter  are  in  a  manner  architectonic,  and  teach  us  to  arrange  the 
materials  of  experience  in  suitable  order.  There  is,  however,  no  science, 
either  practical  or  theoretical,  that  must  not  have  derived  its  elements 
from  risible  nature  and  the  world :  the  sciences  are  only  descriptions 
and  as  it  were  types  thereof;  for  instance,  those  which  teach  the  laws 
of  motion,  the  rules  of  fluxions,  or  other  harmonies  and  proportions. 
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again  the  sciences  examine  with  their  compasses  and  levels^  and 
ascertain  whether  the  buildiog  that  has  been  constructed  be 
graceful  and  regular  in  its  result.  It  is  utterly  impossible  by 
the  help  of  experience  alone^  apart  from  the  sciences^  as  patrons 
of  genius^  to  climb  to  that  Helicon  where  simple  truths  reside^ 
and  where  causes  take  precedence  of  effects  (n).  For  the 
sciences  bring  vague  and  scattered  ideas  together,  under  a  few 
heads,  and  place  them  before  the  eye  of  the  mind  in  a  simpler 
and  more  connected  form,  and  thereby  give  boundaries  to  the 
rational  sight,  and  concentrate  it  more  closely  upon  the  essences 
of  things :  they  also  reduce  those  [ideas]  to  formulas  or  words, 
and  circumscribe  and  define  these  words  by  terms,  that  they 
may  fall  the  more  easily  and  rapidly  under  the  comprehension  of 
the  master  and  the  scholar  (o) ;  thus  they  give  a  comparatively 

are  either  deduced  from  nature  itself  immediately^  or  by  the  aid  of  con- 
closions  from  other  sciences. 

(ft)  Let  us  confine  ourselves  to  Uie  sphere  in  which  we  are  at  pre- 
sent engaged.  From  the  mere  anatomy  of  the  animal  body,  we  gather 
nothing  more,  than  that  the  organic  parts  in  any  viscus  have  such  and 
such  a  situation,  consistence,  and  shape ;  but  in  order  to  bring  out  the 
use  from  the  parts,  and  to  carry  on  the  chain  until  at  length  we  arrive 
at  the  ultimate  use,  we  must  necessarily  consult  the  sciences,  and  learn 
from  them  the  nature  of  the  case  with  respect  to  the  connexions  of 
things,  and  what  they  prove.  Geometry,  by  its  lines,  as  well  as  by 
its  proportions  and  analogies,  teaches  what  such  connexion  involves, 
and  how  one  thing  is  related  to  another,  and  what  series  and  equation 
results  at  last,  when  all  are  summed  up  analytically ;  firom  which  result 
a  conclusion  may  be  formed  respecting  the  ultimate  effect  and  use. 
Philosophy  on  the  other  hand  informs  us,  not  merely  that  motions, 
forms,  modes  and  qualities,  are  accidents,  but  also  that  substances  are 
the  subjects  of  all  accidents;  hence  that  motions,  fluxions,  forces, 
modes,  effects  and  uses,  are  determined  by  means  of  substances  ;  and 
since  geometry  has  substances  for  its  objects,  and  demonstrates  their 
figures  and  forms,  it  follows  that  forces  and  all  accidents  whatever 
are  similarly  circumstanced ;  wherefore  philosophy  founded  upon  geo- 
metrical principles,  affords  us  conclusive  instruction  respecting  the 
effects  of  things.    The  same  may  be  said  in  all  other  branches. 

(o)  As  geometiy  in  Unear  and  figured  objects ;  ontology  in  philo- 
sophical matters ;  and  the  rest  of  the  sciences  a^  well  as  arts,  all  of 
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clear  representation  of  those  things  that  result  from  the  compo- 
sition of  a  number  of  ideas  into  one^  and  in  the  end^  from  a 
number  of  such  compound  ideas^  as  conclusions ;  for  these  ideas 
are  already  products^  and  as  it  were  children^  conceived  and 
brought  forth  by  means  of  experience  from  the  human  facul- 
ties (p).  But  since  in  the  nature  of  the  worlds  and  in  the  world 
of  nature^  and  its  three  kingdoms^  there  are  infinite  yarieties^ 
hence  infinite  genera  of  these  varieties^  and  species  of  these 
genera^  therefore  each  genus  is  presided  over  by  its  tutelar  muse^ 
or  its  peculiar  science^  who  keeps  several  other  sciences  under 
her  general  auspices^  as  a  mistress  having  many  handmaids;  and 
each  ancillary  science  of  this  genus  has  in  like  manner  many 
others  under  her^  as  domestic  servants;  and  these^  in  their  turn, 
have  their  subordinates :  for  there  is  not  the  smallest  part  of  a 
science,  but  is  of  such  vast  extent,  that  it  has  almost  no  bounds, 
and  contains  things  so  infinite,  that  it  is  sufficient  of  itself,  as 
a  particular  science,  to  occupy  the  entire  sphere  of  one  under- 

which  have  particular  formulas  and  nomenclatoresy  by  which  their 
objects  are  expressed.  For  words  involve  the  same  number  of  ideas ; 
for  the  most  part,  compound  ideas ;  hence  the  same  number  of  repre- 
sentations in  the  mind,  which  comprehend  simultaneously  in  one  series, 
whatever  in  common  usage,  is  in  them  or  is  brought  into  them,  by  their 
definition.  Thus  a  number  of  things  are  subjected  simultaneously  to 
the  rational  sight,  and  are  instantly  apprehended  in  proportion  to  the 
degree  of  our  knowledge  of  the  science  to  which  they  belong.  There- 
fore all  the  ideas  that  are  fixed  in  the  memory,  may  be  termed  material; 
for  although  they  may  involve  what  is  not  material,  yet  in  order  to 
understand  it,  we  are  obliged  to  r^ard  something  relative  or  similar 
[to  what  is  material],  and  thus  to  obtain  for  ourselves  an  idea  by 
comparison. 

{p)  It  is  the  province  of  the  rational  mind,  to  form  one  compound 
idea  out  of  many  ideas,  and  of  many  such  compounds  again  to  form 
another  idea,  and  to  advandfe  in  this  manner  by  a  continual  progression, 
or  successive  elevation,  to  higher  powers.  But  whatever  is  brought 
out  and  concluded  by  such  means,  is  immediately  registered  among  the 
ideas  laid  up  in  the  memory ;  as  for  instance,  the  laws  of  motion,  and 
many  other  things.  Thus  whatever  is  generated  either  by  observation, 
or  analytic  induction,  is  retained  under  the  form  of  an  idea,  without 
further  rational  investigation.    Words  themselves  are  but  ideal  types. 
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standing  (q).  But  still  there  is  a  connexion  of  all  the  sciences^ 
and  finally  a  concentration  into  one,  the  uniyersal  of  all  (r), 
&om  which  superior  beings  and  powers  contemplate  and  govem 
all  lower  things,  as  placed  in  the  circumferences.  To  them  it  is 
given  to  descend  by  the  path  of  synthesis,  or  fix)m  the  prior  to 
the  posterior  sphere,  and  through  the  veriest  principles,  and 
thus  through  the  mysteries  of  our  human  sciences  {s).  Thus 
does  the  soul  descend,  under  the  auspices  of  the  supreme  mind, 
while  it  is  constructing  the  body,  and  exciting  it  to  act  in  con- 
formity to  its  structure;  and  hence  there  is  nothing,  how  deeply 
soever  and  intimately  it  be  hidden  in  the  bosom  of  our  sciences, 
— ^in  geometry,  m^hanics,  physics,  chemistry,  optics,  acoustics, 

(q)  This  may  be  illustrated  by  the  case  of  physics,  mathematics, 
philosophy,  metaphysics,  and  theology,  which  being  universal  sciences, 
comprehend  in  their  embrace  nearly  all  the  other  sciences  :  also  by  the 
specific  sciences,  which  respectively  to  their  particular  subdivisions  or 
branches,  may  again  be  considered  as  generic  sciences.  All  the  parts 
of  each  science,  may  themselves  be  elaborated  and  developed  into  so 
many  new  sciences  ;  for  there  is  nothing  but  what  involves  a  kind  of 
infinity :  and  this  is  the  reason  why  no  individual,  in  whatever  depart- 
ment of  a  science  or  art  he  may  be  occupied,  can  ever  attain  to  the 
complete  perfection  of  it ;  but  in  the  whole  course  of  his  life  may  still 
be  advancing  in  some  degree  to  that  end. 

(r)  Respecting  the  science  of  sciences,  or  the  universal  mathematics, 
see  the  Economy  of  the  Animal  Kingdom,  and  specifically  the  Doctrine 
of  Order  and  Degrees,  or  the  Introduction  to  a  Rational  Psychology, 
n.  639,  649—651. 

(s)  The  Prologue  to  Part  I.  contains  the  following  statement  upon 
this  subject:  ''The  power  of  divining  true  principles  by  the  mind 
alone,  and  of  descending  therefrom,  in  the  path  of  certainty,  through 
their  consequences,  to  posterior  things,  belongs  exclusively  to  higher 
beings  and  powers;  to  spirits,  angels,  and  the  Omniscient  Himself, 
who  indeed  inhabit  the  brightest  Hght,  and  dwell  in  essential  truth  and 
wisdom.  They  see  all  things,  in  one  complex,  as  at  once  beneath 
them  and  within  them :  they  view  the  last  things  from  the  first,  the 
lowest  from  the  highest,  Uie  outermost  from  the  innermost ;  in  a  word, 
all  the  circumferences  from  the  centre ;  consequently,  the  very  effects 
of  the  world,  firom  their  causes.  Not  so  human  minds,  which  derive 
firom  the  senses,  or  absorb  through  the  senses,  all  the  materials  which 
Uiey  have  to  reason  upon,''  &c.  (n.  10). 
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pneumatics,  logic^  psychology^  Sec., — ^which  the  soul  does  not 
call  forth  in  order^  and  determine  into  act^  according  to  the  end 
in  view  in  the  effect,  or  according  to  use  {fj. 

462.  The  faculty  of  thinking  distinctly,  or  of  taking 
a  clear  view  of  the  ideas  raised  up  to  the  ken  of  the  rational 
mind,  of  combining  them,  framing  them  analytically,  and  lastly 
of  bringing  together  the  results  of  the  reasons  in  one  equa- 
tion (tt),  in  which  [the  mind]  perspicuously  contemplates  the 
cause  of  its  eflfect,  and  the  progress  of  the  means  to  the  end, — 
this  faculty  is  the  efficient  cause,  and  the  highest  natural  gift. 
Experience  and  science,  apart  from  this  faculty,  are  administer- 
ing and  instrumental  causes  without  their  principal ;  and  like 
forces  without  living  power,  which  forces  are  dead  (r).    This 

(t)  The  reader  will  find  this  laid  down  in  many  parts  of  our  Ana- 
lyses ;  as  in  the  Chapter  on  the  Larynx,  where  it  was  observed,  that 
"  there  is  nothing  in  acoustics,  music,  or  harmony,  be  it  ever  so  in- 
ternal and  arcane ;  there  is  nothing  in  the  vibrations  and  tremblings  of 
any  continuous  body,  nor  in  the  modifications  of  any  contiguous  volume 
or  atmosphere,  be  it  ever  so  hidden  and  profound,  but  nature  has  here 
brought  it  forth  from  the  innermost,  gathered  it  into  one,  and  con- 
ferred it  upon  these  two  organs  [the  larynx  and  the  ear]"  (n.  359).  If 
we  carefully  examine,  and  strive  to  explore,  the  mysteries  of  optical  science 
involved  in  the  eye ;  the  mechanism  involved  in  the  universal  body ; 
the  chemistry  in  the  fiuids ;  the  philosophy  in  the  internal  sensoria, 
and  particularly  in  the  operations  of  the  mind,  we  shall  assuredly  be 
forced  to  confess  again,  that  mere  wonders  greet  us,  so  that  could  we 
but  really  explore  one  ten  Uiousandth  part  of  them,  '^  we  should  surely 
be  stricken  with  holy  amazement,  and  firom  that  ground  alone  adore 
the  wisdom  of  the  Creator ;  and  the  pride  of  our  knowledge  and  wis- 
dom would  not  merely  subside,  but  would  fall  prostrate  in  self-derision. 
Yet  these  are  the  lowest  proofs  of  His  omnipotence,  for  He  has  filled 
the  vilest  insect  wiUi  similar  miracles"  (n.  455). 

(u)  The  operations  of  the  rational  mind  may  not  unfitly  be  com- 
pared with  the  analytical  operations  of  the  algebraic  calculus ;  for  in 
the  algebraic  equation,  a  number  of  ratios,  and  analogies  of  ratios, 
are  collected  together  as  in  one  sum,  and  the  unknown  quantities  are 
discovered  and  shewn  by  the  application  of  the  known  :  but  this  com- 
parison, Grod  willing,  wHl  be  stated  more  fuUy  in  another  place. 

(v)  As  we  remarked  above,  not  only  experiences,  but  also  the 
sdences,  are  matters  of  the  memory,  which  matters  the  imaginative 

VOL.  II.  PART  II.  A  A 
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£Eu;ulty  arisea  either  from  primary  conditions^  or  from  secondary, 
that  is,  use  and  education,  but  the  best  form  of  it  is  that  which 
results  from  both.  It  arises  from  primary  condUians  in  those 
whose  fortunate  lot  it  is  to  have  the  organs  that  take  up,  con- 
vey, and  ultimately  imbibe  ideas,  conformed  to  the  rule  and 
standard  of  nature,  gifted  with  a  liberal  sphere  of  action,  and 
with  a  power  of  disentangling  multitudinous  particulars,  and 
arranging  all  things  according  to  the  present  state  of  objects : 
also,  to  have  a  happy  memory,  that  will  appropriate  objects  ac- 
curately, distinctly  assign  to  each  series  its  proper  chambers  (x), 
and  supply  therefrom  in  due  order  those  particulars  which  the 
mind  decrees,  desires,  or  is  enjoined,  to  fit  in,  either  as  antece- 
dents to  conclusions,  or  as  means  to  an  adrancing  end  (y).    But 

faculty  may  indeed  reduce  to  a  certiedn  order,  yet  not  into  any  order 
different  from  that  which  is  wont  to  affect  the  external  senses  and  the 
inferior  mind  of  the  body.  Bat  the  act  of  abstracting  corporeal  and 
sensoal  ideas  from  them,  or  of  so  arranging  those  ideas,  that  they  shall 
involve  something  comparatively  remote  from  the  senses, — this  is  the 
province  of  thought,  consequently  of  the  rational  mind.  Wherefore, 
without  such  a  faculty  as  has  the  power  of  folding  and  unfolding  reasons, 
until  a  certain  analytic  rationale  or  principle  arises  from  them,  whidi 
lies,  not  in  the  ideas  themselves,  but  in  their  very  nexus,  and  in  the 
depths  of  their  form, — ^we  cannot  advance  a  hair-breadth.  This  is  the 
true  living  principle  that  infuses  a  kind  of  soul  into  the  dead  things  or 
ideas  of  the  memory.  Each  rational  object  has  in  a  certain  sense  its 
own  soul,  which  can  only  be  communicated  to  it  by  that  soul  which 
b  alive. 

(x)  We  all  know  that  some  persons  are  bom  with  almost  super- 
human memory ;  others  with  great  activity  of  the  memoiy,  that  is, 
with  great  imaginative  power,  and  others  again  with  oUier  gifts,  either 
of  the  body,  or  of  the  animal  mind.  Thus  some  are  bom  poets ;  some, 
musicians ;  some,  architects ;  some,  mechanics.  The  natural  inclina- 
tion communicated  by  the  seed  of  parents  propagates  this  endowment 
as  an  inheritance  to  their  children.  And  there  is  not  a  subject  eidsting 
but  what  is  bom  with  some  peculiar  faculty.  It  would  seem  that  what 
parents  have  so  thoroughly  acquired  by  use  and  education,  that  it 
becomes  a  part  of  their  nature,  is  implanted  in  their  posterity,  in  the 
form  of  an  inclinatiop. 

(y)  That  which  determines  our  thoughts  to  establish  conclusions, 
is  either  some  principle,  taken  from  ourselves,  or  derived  from  others ; 
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without  the  secondary  conditions  of  use  and  education^  we  do 
but  stop  on  the  threshold^  and  scarcely  survey  anything  more 
than  the  courts  of  nature^  and  not  her  magnificent  interior  re- 
cesses; wherefore  the  experiences^  with  the  abundance  of  which 
at  this  day  the  coffers  of  the  learned  are  overflowings  and  with 
them  the  learning  and  arts  that  have  grown  in  elaboration  and 
completeness  from  the  earliest  ages  down  to  the  present  time(;r), 
must  be  invited  into  the  memory^  which  is  the  treasurer  of  sudi 
things^  must  be  acquired  for  use^  and  laid  up  as  pledges.  To 
these  requisites  we  must  superadd  cultivation^  or  an  assiduous 
awakening  of  our  fEUsulties^  and  a  constant  exercise  of  the  gift 
itself^  until  it  becomes  a  part  of  our  nature.  Above  all  things 
we  must  aim  by  education  to  become  thoroughly  imbued  with 
the  power  of  recalling  the  rational  mind  from  the  senses  and 
the  animal  mind ;  in  shorty  from  cares^  from  the  lusts  of  the 
body^  the  allurements  of  the  worlds  and  thus  as  it  were  from 
our  lower  selves^ — while  we  are  dwelling  in  its  higher  sphere ; 
and  this^  in  order  that  the  sensoria  of  the  body  may  be  deprived 
of  their  lights  so  long  as  the  sensorium  nearest  to  the  soul  is 
lightened  and  illuminated  with  its  light  (a).    By  these  means 

this  sometimes  governs  the  entire  train  of  Uioughts,  and  we  look  in  all 
directions  for  assurances  or  proofs  of  its  correctness ;  wherefore  the 
mind  is  said  to  decree  it.  The  second  case  is^  when  any  of  us  propose 
to  ourselves  an  end,  in  which  the  mind  contemplates  a  promise  of  future 
pleasure :  the  means  to  this  contemplated  end  are  what  the  mind  is 
said  to  desiare;  for  we  embrace  the  means  with  the  same  love  as  the 
end  itself,  since  we  see  the  end  as  it  were  present  in  the  means ;  and 
what  is  successive  is  represented  as  simultaneous.  Tlurdly,  when 
neither  the  principle  nor  the  end  is  put  in  the  first  place,  but  those 
things  which  the  mind  embraces  as  consequences  of  a  chain  of  thoughts, 
— ^in  this  case  the  mind  is  said  to  be  enjoined  to  embrace  and  acknow- 
ledge these  consequences. 

(z)  See  the  Economy  of  the  Amdmal  Kingdom,  Part  I.,  n.  23, 
24,  25. 

(a)  Daily  experience  shews  the  same  thing ;  namely,  that  in  pro- 
portion as  light  is  subtracted  from  the  external  senses,  it  is  added  to 
the  internal :  which  clearly  proves,  that  somewhat  of  shade  is  drawn 
over  the  higher  mind  by  Uie  external  senses,  if  they  are  taken  into 
fellowship ;  and  that  rational  analyses,  by  their  very  nature,  separate 
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we  mount  to  our  higher  mind^  or  to  the  sotil,  which  then  be- 
comes accessible^  and  infuses  power  {b).  For  in  proportion  as 
we  ascend  upon  these  wings^  in  the  same  proportion  that  higher 
mind  descends  to  meet  us^  and  enfolds  and  embraces  our  wings 
in  her  winged  sandals^  and  teaches  us  to  conyert  our  ideas  into 
reasons^  and  reasons  into  analyses  :  for  this  is  not  a  corporeal 
act^  and  therefore  we  cannot  derive  it  from  the  senses^  but  from 
a  power  that  flows  into  our  sphere  fix>m  the  sphere  above  it. 
That  this  is  no  property  of  ours^  but  is  made  [to  appear]  as 
ours  by  a  supernatural  means  of  union, — of  this  we  may  be 
perfectly  convinced  by  reflecting  upon  the  operations  of  our  ra- 
tional minds :  for  from  the  mind  as  their  fountain,  we  derive 
our  sciences  and  arts;  from  the  mind  we  take  the  laws  and 
axioms,  of  which,  when  digested  in  becoming  order,  we  build  our 
doctrines,  particularly  our  philosophical  doctrines,  which  are  the 
mere  operations  of  the  mind,  explored  by  processes  of  intuition 
and  reflection  upon  its  modes  of  acting.  Thus  the  principle 
that  acts  dwells  altogether  above  us ;  and  below  [it],  the  prin- 
ciple that  becomes  conscious,  and  that  is  in  some  slight  degree 
instructed  respecting  the  manner  in  which  the  action  takes 
place  (c).    But  these  are  mere  drops  that  we  drink  frt)m  this 

and  distinguish  themselves.  So  long  as  we  keep  the  rational  mind  in 
a  merely  reactive  state,  we  are  in  the  closest  communion  with  the 
animal  mind ;  but  as  soon  as  we  bring  it  into  a  state  of  activity,  we 
proportionably  detract  from  the  activity  of  the  external  senses.  But 
we  shall  speak  further  of  this  subject  in  our  Psychological  Treatises. 

(b)  See  what  we  said  above  on  this  subject,  n.  458  (b)  and  (e). 

(c)  It  is  beyond  all  doubt,  that  the  rational  mind  is  in  its  very 
nature  philosophical,  and  possesses  the  ability  to  arrange  and  distribute 
ideas  in  an  analytic  form,  and  to  revolve  and  sum  them  up,  so  as  to 
form  a  certain  conclusion.  For  all  our  philosophy  and  logic  is  derived 
from  no  other  fountain,  or  collected  from  no  other  streams,  than  fix>m 
the  operations  of  the  rational  mind,  which  not  only  herald  with  their 
Hght,  but  even  instruct  us,  their  subjects,  in  the  matter  of  philosophy, 
and  the  manner  of  philosophizing  ;  which  shews  that  we  cherish  and 
possess  in  ourselves  the  very  master  of  philosophy,  to  whose  utterances 
the  most  learned  among  us  must  listen  in  humble  dependence  :  and  so 
much  is  this  the  case,  that  the  philosopher  may  derive  innumerable 
materials  deserving  to  be  inserted  in  his  code,  from  the  common  herd 
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immense  lake  of  knowledge  and  wisdom^  and  that  we  commu- 
nicate to  our  lower  powers  by  literary  exerdtations. 

463.  But  although  we  may  be  surpassingly  rich  in  experi- 
ence^ and  accomplished  in  the  sciences^  and  gifted  besides  with 
a  faculty  of  thinking  with  the  greatest  distinctness^  yet  it  by 
no  means  follows,  that  we  shall  therefore  be  able  to  rid  our- 
selves of  the  mists  that  are  involved  in  the  fallacies  of  the 
senses,  and  in  the  fisillacies,  of  sensual  origin,  of  the  rational 
ideas,  and  to  enjoy  an  insight  into  real  truths,  in  simple  cloth- 
ing, or  naked  loveliness.  Those  are  only  counterfeits  and  ap- 
pearances of  truth  that  the  inferior  fSsMSulties  of  the  body  present 
to  the  superior  faculty.  For  certain  misleading  and  as  it  w^re 
phosphoric  fires,  form  an  alliance  of  companionship  with  corpo- 
real ideas,  and  mimic  the  real  lights  of  life.  These  fires  belong 
to  the  body,  to  the  animal  mind,  and  even  to  the  rational  mind 
itself.  The  fires  of  the  body  are  the  pleasures  of  the  bodily 
senses.  The  fires  of  the  animal  mind  are  lusts  or  cupidities, 
whose  name  is  legion.  The  fires  of  the  rational  mind  are  the 
ambitions  and  desires  of  ends,  that  convolve  to,  and  terminate 
in,  the  love  of  self,  as  the  ultimate  centre  {d).    These  heats  are 

of  the  unlearned.  The  boy  and  the  youth,  in  their  simple  speech, 
sometimes  nm  through  more  axioms  of  philosophy  and  logic,  through 
more  categories,  and  series  of  consequences,  than  the  prince  of  phi- 
losophers can  distinctly  set  forth  in  his  pages.  Each  copula  or  con- 
nexion of  words,  contains  some  philosophical  principle ;  much  more  an 
entire  oration;  as  every  one  may  perceive,  if  he  will  only  bestow 
a  little  attention  upon  particular  cases.  The  mind  does  not  derive  these 
predicates  from  its  body,  but  from  a  higher  essence,  in  which  the  above 
iacdty  is  innate ;  in  fact,  from  the  soul,  which  lives  immediately  under 
the  auspices  of  the  superior  mind.  Philosophy  is  a  kind  of  anatomy 
of  the  human  mind ;  for  as  we  are  ignorant  of  what  lies  hidden  in  the 
body,  and  of  how  the  organic  fabrics  act  upon  each  other,  until  the 
viscera  are  opened  and  examined,  so  also,  without  investigation,  we  are 
ignorant  of  what  lies  hidden  in  the  mind.  The  grand  philosopher  is 
he,  who  scrutinixes  these  subjects  with  the  greatest  depth  and  dis* 
tmctness. 

(d)  The  particular  nature  of  the  affections  of  the  body,  and  of  the 
animal  and  rational  minds,  will  be  explained  in  our  Psychology.  Thus 
the  affections  of  the  senses  of  the  body,   are  not  themselves  sen- 
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powers  deriTing  their  ground  of  activity  from  the  body  («),  which 
operating  in  the  rational  mind^  extinguish  that  holy  fire  and 


sationsy  but  arise  from  the  agreement  or  disagreement, — ^the  fitness  or 
unfitness^ — of  the  forms  that  modifications  constitute  by  their  mutual 
relation  or  interaction.  The  affections  of  the  animal  mind  result  in 
like  maimer  from  the  harmonies  and  discords  of  imaginations.  The 
affections  of  the  rational  mind  are  the  goods  [bonitates]  that  are  in- 
volved in  truths,  and  respected  in  the  ends  which  we  propose  and 
desire.  If  these  goods  result  entirely  from  selfish  loves,  they  are  then 
like  covered  fires,  which  enkindle  the  sphere  of  the  mind,  and  at  the 
same  time  i^parently  illuminate  it ;  so  that  there  is  always  something 
either  in,  or  under,  its  rational  ideas,  which  caresses  the  selfish  love. 
Hence  minds  in  this  state  cannot  possibly  be  affected  by  the  pleasant- 
ness of  truths,  for  they  reject  and  abhor  everything  that  does  not 
primarily  involve  self:  although  this  is  not  only  directly  contrary  to  Uie 
laws  of  truth ;  but  contrary  to  the  accomplishment  of  the  very  end  for 
which  we  were  created.  For  each  individual  is  only  a  small  part  of 
society,  nor  does  he  exist  for  himself,  still  less  does  society  exist  for 
him,  but  that  alone  is  his  which  results  to  him  from  his  usefiilness  in 
the  service  of  the  public.  Consequently,  if  he  place  the  end  in  him- 
self, he  opposes  a  barrier  which  prevents  the  possibihty  of  his  aspiring 
to  a  more  universal  end, — ^to  an  end  higher  than  himself. 

(e)  This  is  very  evident  from  all  the  affections  of  both  the  animal 
and  rational  minds,  which  either  exalt  and  vivify,  or  extinguish  and 
kiU  the  bodily  life.  Pride  itself,  when  favoring  breezes  waft  us  on,  or 
fortune  smiles,  not  only  puffi  us  up,  but  the  vital  spirits  themselves 
become  so  hot,  that  we  come  into  more  close  communion  with  the 
animal  mind,  into  a  dearer  state  of  the  understanding,  and  a  greater 
fullness  of  Hfe  :  yet  it  is  only  a  heat,  more  or  less  internal  or  external, 
subtile  or  gross,  according  to  the  nature  of  that  affection.  All  the 
affections,  indeed,  both  of  our  rational  mind,  and  of  the  animal  mind, 
are  given  to  us  to  serve  as  the  fuel  and  heat  of  bodily  life ;  but  if  we 
allow  them  unrestricted  play,  they  burst  into  flames,  and  devastate  the 
whole  kingdom.  But  the  pure  heat  that  kindles  the  life  of  the  soul, 
is  so  distinct  from  this  heat,  that  the  two  cannot  be  present  at  the  same 
time  in  one  mind  as  their  subject ;  wherefore  the  one  is  extinguished 
when  the  other  is  kindled.  For  this  reason  it  is,  that  we  are  com- 
manded to  restrain  the  passions  of  the  animal  mind,  and  to  extinguish 
the  desires  of  the  body,  in  order  that  we  may  allow  the  Divine  Spnrit 
to  approach  us. 
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purely  spbritaal  altar  flame.  A  light  still  remains^  warm  in  re- 
lation to  tlie  body^  but  cold  in  relation  to  the  soul  and  the  supe- 
rior mind  (/).  In  this  case^  although  we  revolve  and  combine 
ideas  with  distinctness^  and  perspicuously  contemplate  analyses 
firamed  of  reasons^  yet  these  are  only  the  spectres  and  impure 
phantoms  of  truths^  which  see  ultimate  ends  in  ourselves^  and 
in  the  love  of  self^  and  which  powerfully  and  confidently  per- 
suade us  that  they  are  Delphian  virgins  and  graces ;  and  lead  us 
to  think^  that  if  we  ourselves  applaud  them^  the  whole  Parnas- 
sian band  will  applaud  them  as  well :  but  they  are  far  indeed 
from  being  truths^  for  they  differ  from  them  as  much  as  the 
phantasms  of  the  body  and  the  mockeries  of  the  world  from  the 
essences  and  forms  of  heaven.  Thus  if  we  wish  to  invite  real 
truths^  whether  natural^  or  morale  or  spiritual,  (for  they  all 
make  common  cause  by  means  of  correspondence  and  reinresent- 
ation(^)^)  into  the  sphere  of  our  rational  minds,  it  is  necessary 


(/)  It  will  be  shewn  in  the  Doctrine  of  Representations^  that 
rationid  sight  is  represented  in  ocular  sight,  and  likewise  [rational]  light 
and  the  heat  thereof  [in  natural  light  and  heat] ;  and  hence  that  we 
may  arrive  by  means  of  comparison  at  some  knowledge  of  those  things 
that  are  above  the  sphere  of  our  mind :  for  without  the  ideas  insinuated 
and  coming  up  through  the  external  senses,  we  cannot  possibly  conceive 
those  things  that  are  above  ideas :  in  fiict,  these  must  be  in  a  manner 
attached  to  some  sensual  idea,  before  they  can  come  to  Uie  sight  of  the 
understanding.  It  is  from  the  ground  of  representative  correspondency, 
that  objects  are  presented  to  the  eyes  as  clearly  in  Uie  middle  of  winter, 
as  in  the  middle  of  summer ;  so  also  to  the  rational  sight ;  but  the  dif- 
ference lies  in  the  heat :  also  that  we  perceive  the  visible  forms  of  objects 
by  lamp-light,  as  well  as  by  the  light  of  the  sun ;  yet  every  one  knows 
what  a  difference  there  b  between  the  two  cases.  This  is  the  reason 
why  light  and  clarity,  as  well  as  heat,  and  other  things  of  the  kind,  are 
as  it  were  appropriated  to  the  intellect,  as  well  as  to  the  eye-sight. 

{g)  The  reader  will  find  this  explained  in  our  Doctrine  of  Corre- 
spondencies and  Representations.  I  am  not  now  speaking  of  geome- 
trical and  philosophical  truUis,  which  are  indeterminate,  and  not  applied 
to  any  natural  or  moral  truth  ;  but  of  the  truths  that  result  from  the 
determination  and  application  of  these,  to  given  objects,  and  thus 
redound  to  particular  or  general  use.  For  an  infinity  of  truths  of  this 
kind  have  been  discovered,  and  are  in  our  possession ;  but  when  we 
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that  we  extmguish  the  impure  fires  of  the  body,  and  thereby 
our  own  delusive  lights,  and  submit  and  allow  our  minds,  un-* 
molested  by  the  influences  of  the  body,  to  be  illuminated  with 
the  rays  of  the  spiritual  power :  then  for  the  first  time  truths 
flow  in;  for  they  all  emanate  from  that  power  as  their  peculiar 
fountain.  Nor  when  they  are  present  are  there  wanting  a 
multitude  of  signs  by  which  they  attest  themselves;  namely,  the 
varied  forms  of  sweetness  and  delight  attendant  upon  truth  at« 
tained,  and  affecting  the  mind,  as  the  enjoyments  that  result 
from  the  harmonies  of  external  objects  affect  the  lower  and  sen- 
sitive frkculties  of  the  body ;  for  as  soon  as  ever  a  truth  shines 
forth,  such  a  mind  exults  and  rejoices  (A) ;  and  this  joy  is  the 
ground  of  its  first  assent,  and  of  its  first  delighted  smile :  but 
the  actual  confirmation  of  the  truth  proceeds  from  its  accord-* 
ance  with  numerous  reasons  confirmed  by  experience  by  means 
of  the  sciences,  and  each  point  of  which  accordance  receives  a 
similar  assent;  the  mind  going  onwards  the  while,  with  assidu- 
ous attention  and  pains,  by  the  analytic  way,  or  £rom  effects  to 
causes.  In  addition  to  these  delights,  there  are  still  more  imi- 
versal  signs ;  as  the  desire  and  the  passion  for  attaining  truth ; 
the  love  of  the  truth  attained,  not  for  the  sake  of  our  own  ad- 
use  them  as  bases  for  reasonings,  or  patrons  of  our  faculties,  we  then, 
by  various  and  unfair  applications,  form  conclusions  from  them  which 
are  at  variance  with  the  truth:  as  we  observed  in  the  Prologue  to 
Part  I.,  where  the  following  words  occur :  "  For  whenever  affirmative 
reasoning  is  applied  to  a  preconception,  an  infinity  of  particulars,  all 
voting  the  same  way,  fly  to  its  assistance, — ^both  the  decrees  o(  ratio- 
cinative  philosophy,  and  the  phenomena  of  the  world,  laid  hold  of  in 
the  fallacious  Hght  of  the  senses.  Indeed,  there  is  nothing  but  may 
form  a  constituent  part  in  different  series  of  reasonings,  if  not  directly, 
at  least  obliquely ;  as  a  single  particle  of  salt  may  form  an  ingredient 
in  an  infinity  of  savors,  and  a  single  color  in  an  infinity  of  pictures," 
&c.  (n.  9).  With  respect  to  the  sciences,  see  n.  23,  where  it  is  stated, 
that  *^  the  sciences  are  indeterminate,  and  of  no  profit  or  advantage, 
unless  they  be  applied  and  made  subservient  to  uses.  What  is  a  know- 
ledge of  numbers,  ratios,  figures,  and  forms,  in  arithmetic  and  geo- 
metry, apart  from  its  benefits  in  civil  life  ?  What  are  the  philosophical 
sciences,  with  their  predicates,  qualities,  modes,  and  accidents,  without 
they  have  reference  to  reality  f ' 
(A)  See  Part  I.,  n.  2. 
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Tantage^  but^f  the  advantage  of  human  society;  and  neither 
for  the  glory  of  ourselves  or  society^  but  of  the  Supreme  Divinity 
alone(t).  This  is  the  only  way  to  truths :  other  things,  as  means, 
which  are  infinite,  Ghxl  Omnipotent  provides. 

464.  But  for  what  end,  it  is  asked,  are  the  hinges  of  our  life 
so  completely  inverted,  that  the  last  things  should  play  the  first 
part,  or  that  the  bodily  senses  should  inaugurate  the  mind, 
their  mistress,  into  the  sciences  ?  and  why  should  we  not  see 
firom  the  beginning,  by  thoroughly  prepared  and  finished  or- 
gans, with  the  utmost  acuteness,  the  perfect  truth  in  every- 
thing? Assuredly  the  Supreme  Mind,  under  whose  auspices 
we  live,  never  puts  the  least  cause  in  operation  excepting  for  the 
sake  of  an  end;  the  series  of  causes  and  e£Pects  involves  a  cor^ 
responding  series  of  ends  {k) ;  ultimate  uses  themselves  declare 
to  us  the  end  intended  by  the  effect;  the  rest  is  hidden  from 
our  view.  But  since  ends,  as  well  as  causes,  describe  progres- 
sively a  certain  entire  revolution  and  circle,  hence  there  are 
proximate  ends,  remote  ends,  and  ultimate  ends.  It  is  evident 
from  a  rational  view  of  effects,  that  the  proximate  ends  [of 
this  inversion]  are.  Firstly,  That  we  may  inhabit  the  earth,  the 
ultimate  region  of  the  world,  or  the  floor  of  heaven,  from  which 

(t)  See  the  Economy  of  the  AnimtU  Kingdom^  Part  I.,  n.  19,  25,  26. 

{k)  It  has  been  shewn  throughout  in  our  Analyses,  that  there  is  a 
perpetual  chain  of  uses,  corresponding  to  the  perpetual  chain  of  causes 
and  effects,  and  a  corresponding  chain  of  ends  in  the  soul,  brought 
into  play  in  the  construction  of  the  organic  animal  kingdom.  Of  this 
we  may  be  still  more  clearly  convinced  by  the  contemplation  of  the 
universe ;  for  if  we  only  consider  the  circumambient  atmospheres,  the 
mineral  kingdom  of  the  earth,  then  the  vegetable  kingdom,  and  finally 
the  animal  kingdom,  we  shall  have  sufficient  reason  to  conclude,  that 
one  thing  generates  and  sustains  another  in  a  continual  series,  and  this, 
by  a  wonderful  circle ;  as  is  also  the  case  in  all  Uie  subjects  of  each  of 
these  kingdoms.  If  it  be  evidence  of  wisdom  on  the  part  of  man  to 
do  nothing  without  an  end  and  use,  assuredly  it  is  evidence  of  a  Being 
surpassing  wise,  to  found  such  an  orb  of  uses,  and  to  govern  it  with 
equal  providence  and  wisdom.  But  to  attempt  to  measure  this  orb 
of  uses,  or  the  government  of  this  Providence,  especially  in  human 
society,  by  the  erroneous  circles  of  our  minds, — this  is  as  impious  as  it 
is  futile. 
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we  are  designed  to  emerge ;  and  so  may  be  anbjects  that  can 
make  use  of  all  the  plenty  and  the  wealth  with  which  that  world 
and  its  three  kingdoms  are  furnished  and  adorned :  and  that  we 
may  be  essences  and  powers^  that  can  convert  these  great  pos* 
sibilities  to  our  own  and  the  general  weal  (/).  Therefore  are  we 
introduced^  in  the  body  firsts  into  this  world  as  a  theatre^  and 
its  curtains  rise  by  degrees ;  and  thus  these  ultimate  effects, 
like  scenic  shows,  strike  and  fSascinate  with  delight,  our  senses 
first,  then  the  animal  mind,  and  at  last  even  the  rational  mind; 
and  are  a  profit  and  use  to  us,  mingled  with  sweet  entertain- 
ment (m).  Such  could  not  have  been  the  case  had  we  com- 
menced  our  lives  with  knowledge  and  wisdom ;  we  should  then 
have  looked  upon  these  shows  as  theatrical  illusioni^  or  laugh- 
ing-stocks of  our  high  feunilties ;  we  should  have  contemplated 
them,  not  as  infants,  but  as  aged  fathers^  with  no  pleasure  of 
the  senses.  Secondly,  that  we  may  institute  a  kind  of  terrestrial 
society,  in  which  these  delights  may  increase  by  the  communi- 
cation of  man  with  man,  and  in  which  the  uses  of  things  may 
be  augmented  by  the  aid  of  numbers,  and  those  proper  to  the 

(t)  Apart  from  the  subjects  of  the  animal  kingdom,  nothing  that 
the  terraqueous  world  produces,  could  be  said  to  minister  a  use.  There 
must  be  subjects,  in  order  that  things  may  be  aj^licable  in  the  way  of 
use :  and  furthermore,  these  subjects  must  have  power  given  to  them, 
to  extend  these  uses  still  further,  to  multiply  them,  and  to  send  them 
forth  as  it  were  in  a  new  circle.  For  where  there  are  causes,  there  also 
there  are  means,  by  which  the  effect  is  produced,  and  the  cause  ex- 
tended. And  inasmuch  as  nothing  is  done  excepting  for  the  sake  of  a 
use,  it  follows  necessarily,  that  the  subjects  of  the  animal  kingdom 
are  means,  which  apply  these  uses  to  thraosdves,  and  carry  on  the 
chain  of  uses  further;  and  indeed,  at  length  so  far,  that  effects,  or 
last  uses  themselves,  return  by  an  incomprehensible  gyre  to  their  first 
end.     Such  is  the  progression  of  uses  everywhere  in  the  animal  body. 

(m)  This  is  the  reason  why  all  things  smile  and  seem  full  of  joy  in 
early  Hfe  or  childhood ;  and  why  they  assume  a  comparatively  gloomy 
aspect  as  old  age  comes  on.  For  pleasure  and  delight  are  necessaiy, 
since  without  them,  ideas  are  not  insinuated  into  our  minds,  nor  con- 
sequently do  the  organs  open,  and  make  the  innermost  sens(»ium 
accessible.  These  requisite  conditions  could  not  possibly  exist,  unless 
we  led  this  inverse  order  of  life. 
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individual  maj  go  forth  bj  determinate  eliaimelB  to  the  commu- 
nity. Then  a  still  more  extensive  field  of  uses  is  opened^  into 
which  we  are  led  as  members  of  society ;  and  which  consists  in 
living  for  the  human  race  by  the  mutual  interchange  of  works 
of  duty.  This  is  the  moral  fields  world,  or  estate,  into  which 
we  cannot  rise  unless  we  have  passed  through  the  former,  or 
through  our  corporeal  and  natural  estate;  this  supplies  the 
means  to  the  moral  estate  as  the  end  inmiediately  above  it  (n) : 
what  results  to  the  community  firom  the  administration  of  the 
means,  is  so  far  moral,  as  the  intelligence  and  the  will  to  which 
we  attain,  conspire  to  it.  In  order  to  the  actual  establishment 
of  such  a  society,  it  is  necessary  that  a  diversity  of  manners 
should  prevail,  consequently  a  diversity  of  inclinations,  affec- 
tions, desires,  ends,  and  principles ;  which  could  not  possibly 
be  brought  to  pass  without  an  inverted  state  of  life  (o).    Thirdly, 

(n)  In  this,  as  well  as  in  our  ideas  themselves^  we  contemplate  an 
elevation,  (in  the  present  case,  of  uses,)  as  it  were  to  higher  powers. 
For  the  existence  of  the  moral  sphere,  supposes  the  simultaneous  ex- 
istence of  the  natural  and  the  spiritual,  consequently  the  existence  of 
the  rational.  The  means  are  natural  that  we  bestow  or  distribute,  and 
are  to  be  called  duties,  and  reckoned  among  the  virtues ;  but  unless 
there  be  an  end  in  addition,  for  the  sake  of  which  we  dispense  these 
means,  in  one  way  in  preference  to  another,  no  moral  result  can  accrue 
from  them.  Thus  if  we  respect  the  advantage  of  society  as  the  end, 
then  natural  uses  assume  a  higher  form.  Wherefore  morality  is  judged 
fiom  the  end,  and  is  identical  with  virtue.  But  we  shall  speak  further 
of  this  subject  in  another  place. 

(o)  No  society  can  exbt  among  absolute  peers  or  equals.  The 
founding  of  a  society  involves  a  perpetual  diversity  of  members.  Such 
diversity  can  only  be  produced  by  this  order  of  our  life.  It  could  not 
have  place  if  we  saw  truths  immediately  by  virtue  of  innate  wisdom, 
for  then  there  could  be  no  diversity  of  principles,  nor  consequently  of 
desires  and  affections :  and  as  a  further  result,  there  could  be  no  diver- 
sity of  countenances  and  actions ;  and  little  or  no  speech  ;  for  the  grand 
business  of  conversation  consists  in  discussing  what  is  true  and  good, 
and  what  &lse  and  evil ;  we  approximate  to  one  side  or  the  other  by 
probable  arguments.  If  all  things  were  seen  with  the  most  perfect 
deamess,  as  settled  truths,  there  would  be  no  occasion  for  reasoning, 
examination,  and  other  processes,  that  occupy  the  minds  and  conversa- 
tions of  men. 
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that  in  tliis  ultimate  circle  of  nature,  we  may  receive  the  won* 
ders  of  the  world,  and  as  we  ascend  the  steps  and  ladders  of  in- 
telligence, receive  still  greater  wonders,  in  all  their  significance, 
and  with  full  vision ;  and  that  at  length  we  may  comprehend  by 
faith  those  profound  miracles  that  cannot  be  comprehended  by 
the  intellect :  and  from  all  these  things,  in  the  deep  hush  of 
awe  and  amazement,  venerate  and  adore  the  omnipotence  and 
providence  of  the  Supreme  Creator;  and  thus,  in  the  contem- 
plation of  Him,  regard  as  vanity  everything  that  we  leave 
behind  us. 

465.  The  remote  or  prior  ends  of  the  inversion  of  the  order 
of  life  {p),  are,  that  the  last  sphere  may  be  united  through 
man  with  the  first,  the  lowest  with  the  highest,  the  worldly 
with  the  heavenly,  or  the  corporeal  with  the  spiritual;  for  these 
in  themselves,  and  in  their  nature,  are  so  dissimilar,  and  so 
widely  separated,  that  they  cannot  possibly  come  together  with- 
out some  uniting  medium.  Our  rational  mind  is  that  uniting 
medium,  where  mystic  meetings  are  carried  on,  and  sacred 
covenants  ratified.  This  enables  us  to  be  and  to  live,  for  that 
which  is  our  mind's  property,  is  peculiarly  our  own ;  all  things 
that  belong  to  the  body,  belong  to  the  mind ;  by  virtue  of  the 
mind  we  are  entitled  to  the  name  of  men ;  how  much  soever  of 
it,  and  whatsoever  of  it,  is  involved  in  our  actions,  is  regarded 
as  human ;  from  it  we  derive  the  knowledge  of  things  below  and 
around  us ;  and  from  it,  by  relation,  we  are  rendered  conscious 
of  ourselves;  and  by  faith,  embrace  those  things  that  are  above 
us.  Now  since  worldly  things  flow  into  it  from  the  lowest 
sphere,  through  the  gates  of  the  senses,  and  heavenly  things, 
from  the  highest,  through  the  portal  of  the  soul,  hence  it  is  the 
true  centre  of  the  universe,  divided  into  two  powers ;  of  which 
one,  namely,  the  corporeal,  is  the  very  thing  that  is  properly 
our  own ;  to  this  is  given  a  will,  and  to  the  will,  liberty,  in 
order  that  it  may  be  our  own  choice  to  live  to  the  body,  or  not 

(p)  The  proximate  ends,  or  the  causes  thereof,  respect  the  cor- 
poreal state  with  which  our  lives  commence.  Hence  the  ends,  or 
the  causes,  that  follow,  and  ascend  to  the  prior  or  still  higher  ends, 
are  termed  remote ;  and  are  intermediate  between  the  lower  and  the 
higher. 
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to  live  to  the  spirit  {q).  But  the  other  power,  or  the  spiritual, 
is  not  of  our  power,  because  it  is  above  ours;  hence  it  is  not 
for  the  forces  of  the  body,  or  for  the  will  thereof,  to  be  united 
to  the  superior  power,  but  it  is  for  the  superior  to  be  united  to 
the  inferior  which  is  ours :  thus  union  is  possible  on  the  part  of 
the  spirit,  but  not  on  the  part  of  the  body  (r).  The  ideas  of 
our  intelligence  are  so  many  dead  forces;  the  ground  from 
which  they  can  live  must  be  infused  into  them  from  above.  But 
by  the  Supreme  Mind  means  have  been  most  mercifrdly  pro- 
vided, whereby  the  superior  power  is  enabled  to  adopt  the  infe- 
rior, in  order  that  both  may  be  imited  in  a  sacred  bond  (s).  In 
consequence  of  this,  we  are  oi^anic  subjects  (/),  through  which 
the  lowest  things  ascend,  and  the  highest  descend ;  and  human 

(q)  "We  shall  treat  of  the  will  and  liberty,  God  willing,  in  our 
Psychology ;  wherefore  we  only  touch  upon  them  slightly  in  this  place ; 
jnst  so  much,  in  fact,  as  to  be  able  to  shew  from  them,  that  for  many, 
and  even  for  these  ends,  we  live  at  first  almost  in  the  body  alone,  and 
ascend  to  a  higher  life  by  degrees.  Otherwise  the  will  would  not  be 
thus  free  on  the  part  of  the  body. 

(r)  That  which  is  relatively  imperfect,  cannot  unite  itself  to  that 
which  is  more  perfect ;  nor  the  lower  to  the  higher ;  nor  consequently, 
the  body  to  the  soul :  but  the  soul  must  unite  itself  to  the  body,  and 
reduce  its  body  to  such  a  state,  that  it  can  serve  the  soul  as  an  organ. 
To  induce  order  upon  things  that  are  below,  so  as  to  bring  them  into 
harmony,  is  the  exclusive  province  of  the  higher  power ;  and  this  is 
the  reason  why  we  cannot  investigate  truths  without  an  influx  from 
above.  Hence  it  is  evident  how  important  it  is,  that  we  should  have  a 
distinct  conception  of  the  nature  of  the  inferior  and  of  the  superior 
sphere,  and  of  the  posterior  and  the  prior;  for  the  prior  and  the 
superior  is  more  perfect  than  the  posterior  and  the  infrrior.  On  this 
account,  the  doctrine  of  order  and  degrees  should  be  sedulously  cul- 
tivated. 

(s)  I  forbear  to  recount  these  means  in  this  place,  because  they  are 
sacred  and  theological  subjects ;  and  for  the  same  reason,  I  pass  over 
what  is  said  to  be  done  on  the  part  of  the  body  or  the  will,  by  the  ap- 
plication thereof,  the  removal  of  impediments,  and  other  processes. 

(t)  I  must  not  at  present  expatiate  upon  the  proofs  of  this  proposi- 
tion, for  it  would  carry  me  out  of  my  field.  Meanwhile,  we  are  none 
of  us  ignorant  of  the  text,  that  "  in  Gk>d  we  live,  and  move,  and  have 
our  being." 
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minds  are  the  very  receiving-rooms  of  both  these  guests ;  thus 
either  temples  or  precincts  of  temples ;  consequently  perpetual 
objects  oi  Divine  Grace  and  Justice. 

466.  The  last  end^  which  also  is  the  firsts  is^  that  our 
minds,  at  length  become  forms  of  intelligence  and  innocence, 
may  constitute  a  spiritual  heaven,  a  kingdom  of  God,  or  a  holy 
society,  in  which  the  end  of  creation  may  be  regarded  by  Gk>d, 
and  by  which  Gk)d  may  be  regarded  as  the  end  of  ends.  Prom 
infinite  wisdom,  added  to  equal  power,  and  this  to  equal  pro- 
vidence, such  perpetual  end  flows  constantly,  from  the  first  end 
to  the  last,  and  from  the  last  to  the  first,  through  the  interme- 
diate ends,  that  declare  the  glory  of  the  Divinity  (u). 


(u)  I  shall  treat  of  these  subjects,  by  the  blessing  of  God,  in  the 
last  of  my  analytic  parts.  But  as  yet  we  are  dwelling  in  the  mere 
effects  of  the  world,  which  exhibit  the  amazing  and  divine  drde  of 
these  ends  before  the  contemplation  of  our  very  senses. 


END    OF    PART    II. 
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PART  III. 


PROLOGUE. 

467.  In  the  two  preceding  Parts  we  treated  of  the  viscera 
of  the  abdomen  and  thorax,  or  of  the  organs  of  the  inferior 
regions  of  the  body ;  in  the  present  Part  we  shall  commence  to 
speak  of  the  supreme  region,  or  of  the  head,  and  its  organs, 
the  external  sensoria, — the  sensoria,  namely,  of  touch,  taste, 
smell,  hearing,  and  sight:  for  it  is  our  intention  to  advance 
and  mount  in  regular  order,  strictly  according  to  the  analytic 
way,  from  the  posterior  to  the  prior  sphere,  rising  successively 
from  the  lowest  forms,  powers  and  forces  of  the  human  body, 
to  the  higher  and  the  highest;  and  thus,  with  doctrines  to 
guide  us,  to  search  out  the  essences  and  natures  of  things  by 
the  mdications  and  evidences  of  effects.  To  attain  this  end,  it 
behoves  us  to  observe  the  order  that  natm-e  herself  marks  out, 
and  as  it  were  dictates  to  our  intellect ;  in  doing  which,  and 
follo\ring  her,  it  will  be  found  that  she  herself  now  opens  to  us 
the  subject  of  the  present  Part.  For  the  circumstance  that  one 
thing  follows,  unfolds,  develops,  consequently  opens,  another, 
originates  from  order  alone.  A  rambling  investigation,  con- 
ducted without  order,  or  what  amounts  to  the  same  thing,  >vith- 
out  the  contemplation  of  causes  in  a  connected  chain,  may  lead 
to  the  precipitate  formation  of  surmises  and  conjectures  respect- 
ing truths ;  which,  however,  are  mutually  bound  to  each  other 
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in  concatenated  series,  and  only  in  that  series  allow  themselves 
to  be  properly  surveyed.  The  thing  which  takes  its  form  from 
a  random  procedure,  or  loose  and  desultory  investigation  of  this 
kind,  constantly  retains  a  similar,  that  is,  conjectural  character, 
in  its  successive  developments,  since  it  induces  the  same  form 
upon  the  whole  series  of  things  that  come  after  it.  For  what- 
ever idea  is  assumed  to  start  with,  determines  a  corresponding 
principle  of  the  thing,  and  tlus  principle,  a  corresponding  inter- 
pretation of  the  things  flowing  forth  therefrom,  or  a  corre- 
sponding intuition  of  the  mind  in  those  objects ;  therefore,  a 
corresponding  conclusion.  Hence  come  hypotheses,  which  are 
closely  analogous  to  the  unnatural  marks  and  excrescences  con- 
tracted by  the  body  of  the  embryo  in  consequence  of  the  dis- 
ordered impressions  of  the  pregnant  mother. 

468.  If  we  view  things  in  a  confused  or  superflcial  manner, 
through  the  coverings  in  which  our  senses  envelop  them,  we 
may  readily  be  induced  to  believe,  that  the  supreme  region  of 
the  body  is  constituted  by  the  external  sensoria  of  the  head,  as 
well  as  by  the  internal,  of  which  the  brain  is  the  complex :  but 
if  we  consider  the  grounds  of  things,  and  make  use  of  greater 
diligence,  distinctness,  and  depth  of  thought,  we  shall  clearly 
see  that  there  are  three  spheres  in  the  living  body,  one  superior^ 
prior  and  interior  to,  and  simpler  than,  another,  each  of  which 
is  divided  into  its  regions ;  namely,  a  sphere  of  effects,  a  sphere 
of  causes,  and  a  sphere  of  principles.  The  sphere  of  effects, 
which  is  the  lowest  or  the  outermost,  properly  involves  that 
which  is  called  the  body,  and  comprehends  the  viscera  of  the 
abdomen  and  thorax,  and  the  external  sensoria  of  the  head. 
The  SPHERE  OF  CAUSES,  whidi  is  the  superior  or  middle  sphere, 
properly  includes  that  which  is  called  the  cerebrum  or  brain, 
this  sphere  being  the  proximately  efficient  cause  of  the  effects 
and  determinations  in  the  body.  On  this  account  the  cere- 
brum, in  the  wide  acceptation  of  the  term,  is  walled  round  by 
osseous  boundaries  of  its  own,  and  Uke  the  body  is  divided  into 
regions,  of  which  the  cerebrum,  properly  so  caUed,  constitutes 
the  first;  the  cerebellum,  the  second;  the  medulla  oblongata 
in  conjunction  with  the  medulla  spinalis,  the  third.  But  the 
SPHERE  OF  PRINCIPLES,  or  the  suprcmc  and  innermost  sphere, 
as  it  were  the  Olympus  or  heaven  of  the  other  spheres,  is  the 
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cortical  or  cineritious  substance^  from  ^hich,  as  their  beginnings 
the  fibres  spring  forth^  and  at  which,  as  their  end,  they  termi- 
nate :  for  the  fibre  bom  of  this  substance  exercises  all  influence, 
and  delineates  all  structure,  in  the  universal  body ;  from  it  the 
determinations  of  the  will  flow  down  into  act,  and  to  it  the 
modes  of  sensations  flow  in  until  tdtimately  they  reach  the  in- 
tellect ;  for  the  soul  resides  in  this  substance  as  in  its  principles. 
But  we  shall  speak  more  frdly  of  this  partition  of  the  animal 
kingdom  into  spheres,  and  of  these  spheres  into  regions,  in  our 
next  Part,  in  treating  of  the  Cerebrum. 

469.  In  the  Index  of  Contents  of  the  whole  Work,  I  pro- 
mised that  at  this  stage  I  should  proceed  to  treat  of  the  Heart, 
the  Arteries,  the  Veins,  and  the  Blood;  of  the  Genital  Members 
of  Males ;  [of  the  Genital  Members  of  Females],  and  of  the 
Formation  of  the  Foetus  in  Utero.  But  the  heart,  the  vessels, 
and  the  blood,  have  already  been  fully  treated  of  in  my  Economy 
of  the  Animal  Kingdom,  And  with  respect  to  the  members  sub- 
servient to  generation,  they  must  come  before  us  in  the  sequel, 
after  we  have  discovered  the  nature  of  the  animal  spirit,  and  the 
nature  of  the  soul;  for  by  these  organs  the  soul  comes  off  fi^m 
itself  into  the  offspring,  for  the  purpose  of  founding  a  new 
kingdom.  I  think  it  would  therefore  be  premature,  and  that  I 
should  be  unprepared,  to  declare  anything  definite  of  these 
members,  as  instrumental  causes,  without  a  previous  knowledge 
of  the  principal  cause.  Our  treatise  would  want  the  proper 
clearness  and  meaning,  unless  we  had  previously  defined  that  of 
whose  organs  we  were  speaking,— those  organs  by  means  of 
which  new  forms  are  conceived  in  the  image  of  the  form  pre- 
ceding them.  Wherefore,  in  order  that  the  investigation  may 
proceed  with  regularity,  I  have  considered  that  we  must  first 
ascend  by  degrees  to  the  supreme  sphere,  from  whence  we  may 
legitimately  deduce  the  principles  of  things,  and  where  we  may 
speak  of  the  soul  with  comparative  certainty  and  definiteness. 
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THE   SKIN    AND   THE    SENSE   OF   TOUCH. 

470.  Heister.  ''The  cuticle  is  a  thin  membrane,  closely  encom- 
passing the  whole  skin,  of  which  it  is  in  a  manner  a  part,  and  on  this 
account  also  called  by  the  Greek  name,  epidennis.  It  adheres  firmlj 
to  the  cutis  by  the  intervention  of  the  corpus  reticulare  Malpighii ;  inso- 
much that  in  the  dead  subject  it  cannot  be  separated  by  the  scalpel, 
although  it  may  be  brought  away  by  the  action  of  boiling  water.  Some- 
times, however,  even  in  the  living  subject,  we  find  it  detached  from 
the  cutis  by  putrefaction,  fire  and  blisters.  The  cuticle  is  white  in  the 
European,  black  in  the  Ethiopian  or  negro.  Its  structure  or  substance 
consists  of  extremely  minute  lamellae,  and  as  it  were  little  scales,  but 
which  are  closely  connected  to  each  other,  and  require  the  microscope 
to  shew  them.  In  these  lamellae  there  are  a  great  multitude  of  little 
foramina,  affording  egress  to  the  hairs,  the  transpiration  and  the  sweat, 
and  ingress  to  mercury  and  other  things  :  these  foramina  are  commonly 
called  pores.  Some  anatomists  regard  them  as  having  valves,  for  r^u- 
lating  the  escape  of  the  sweat,  but  I  am  inclined  to  think  that  this 
object  is  better  ensured  by  the  elasticity  of  these  vessels.  The  thick- 
ness of  the  cuticle  varies  in  different  parts,  being  greatest  in  the  soles 
of  the  feet  and  the  palms  of  the  hands :  in  other  parts  the  cuticle  is 
very  thin.  "We  see  in  it  various  furrows  or  lines,  called  by  Pliny, 
indsurae,  which  are  deeper  in  some  places  than  in  others,  and  exist  all 
over  the  surface,  but  particularly  in  the  palms  of  the  hands.  The 
furrows  in  the  latter  situation  are  appealed  to  by  fortune-tellers  as  pro- 
phetic indications.  On  the  tips  of  the  fingers  the  furrows  are  spiral, 
and  seem  to  defend  the  excretory  ducts  of  the  cutis,  which  are  there 
arranged  in  a  regular  order.  The  cuticle  is  easily  reproduced  in  living 
subjects ;  although  it  does  not  originate,  as  old  writers  supposed,  from 
the  condensation  of  the  exhalations  of  the  body  by  the  air ;  but  rather. 
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according  to  Leeuwenhoek,  from  an  expansion  of  the  excretory  ducts 
of  the  cutis  ;  or  according  to  Rujsch,  from  an  expansion  of  the  nerv- 
ous papillie  of  the  cutis, — ^the  papiUse  forming  a  multitude  of  minute 
scales  or  lamelke,  all  connected  together ;  or  perhaps,  as  it  seems  to 
me,  from  both  these  sources  combined.  .  .  .  Even  Rujsch,  with  his 
finest  injections,  was  never  able  to  discover  vessels  in  the  cuticle,  nor 
has  anj  anatomist  since  his  time  succeeded  in  demonstrating  them. 
Admitting  that  none  such  exist,  we  can  then  account  for  the  fact,  that 
the  cuticle  does  not  bleed  when  cut,  and  that  it  is  almost  destitute  of 
sensibiUty ;  although  of  course  it  must  be  nourished  and  reproduced  by 
a  subtle  fluid  of  some  kind.  .  .  . 

471.  "The  corpus  reticulare  Malpighii,  or  reticulum  cutaneum 
[rete  mucosum],  is  an  exceedingly  fine,  delicate  membrane,  perforated 
Hke  a  net  with  innumerable  minute  foramina.  It  lies  immediately  under 
the  cuticle,  and  when  the  latter  is  brought  away  from  the  cutis,  either 
by  artificial  means  or  by  accident,  the  reticulum  adheres  so  very  firmly 
to  it,  that  a  separation  of  the  two  becomes  almost  impossible,  the 
reticulum  seeming  to  be  nothing  more  than  the  inner  surface  of  the 
cuticle.  In  examining  the  reticulum,  we  find  that  it  is  most  abundant 
in  those  places  where  the  sensibility  of  the  skin  is  most  acute,  as  in 
the  palms  of  the  hands,  the  tips  of  the  fingers,  and  the  soles  of  the 
feet :  it  is  also  seen  on  the  tongue,  and  indeed  much  more  plainly  and 
distinctly  than  elsewhere;  and  the  tongue,  therefore,  is  the  part  in 
which  its  nature  and  constitution  may  be  most  successfully  investi- 
gated :  in  other  parts  it  is  so  thin  as  to  be  scarcely  discernible.  It  is 
of  a  white  color  in  the  European ;  but  deep  black  (although  the  cutb  is 
perfectly  white)  in  the  Ethiopian :  in  the  mulatto  [semi-Ethiopian]  it  is 
of  a  lighter  shade.  Hence  the  color  of  different  races,  and  especially 
the  blackness  of  the  Ethiopian  race,  is  mainly  dependent  upon  this 
membrane.  Its  uses  are,  to  transmit  through  its  little  foramina  the 
hairs,  the  cutaneous  papillae,  and  the  excretory  and  absorbent  ducts  of 
the  cutis ;  to  maintain  these  parts  in  a  certain  and  determinate  arrange- 
ment, so  as  to  prevent  them  from  being  easily  moved  away  from  their 
places :  and  it  also  appears  to  preserve  the  softness  of  the  papillae,  and 
their  aptitude  for  touch. 

472.  "The  cutis  is  a  strong  membrane,  as  thick  as  [ordinary] 
leather,  of  an  elastic  character,  and  investing  the  whole  body.  By  its 
upper  surface  it  is  connected  with  the  reticulum  and  the  cuticle ;  by  its 
lower  surface,  which  is  slightly  pitted,  with  the  fat ;  this  latter  con- 
nexion being  loose  in  some  parts,  but  very  close  in  others.  Its  thick- 
ness and  consistence  vary  in  different  parts  of  the  body ;  and  also  in 
different  animals,  as  we  know  by  the  differences  in  leather.     It  has  a 
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nmnber  of  furrows,  incisures  or  lines,  common  to  it  with  the  cuticle. 
It  exhibits  certain  large  openings,  as  in  the  mouth,  the  nose,  the  ears, 
the  anus,  &c.,  in  which  parts,  however,  the  cutis  may  more  properly 
be  said  to  be  reflected  than  perforated :  and  also  smaller  openings,  com- 
monly called  pores,  which  in  their  turn  are  subdivided  into  great  and 
small,  and  give  egress  to  the  hairs,  the  transpiration,  and  the  sweat ; 
and  ingress  to  mercury,  the  matter  of  contagions,  &c.  The  larger 
pores  are  visible  to  the  naked  eye,  in  the  nose  and  ears  particularly ; 
but  the  smaller  pores  are  demonstrated  by  the  microscope,  and  by  the 
passage  of  mercury  through  leather.  If  we  examine  the  structure  or 
substance  of  the  cutis,  we  shall  find  that  it  consists  of  a  wonderful 
plaiting  of  very  tough,  single,  tendinous  fibres :  of  vast  numbers  of 
blood-vessels  first  properly  brought  to  light  by  the  stupendous  injec- 
tions of  Buysch :  ...  of  a  multitude  of  nerves  constituting  papillse,  for 
the  most  part  pyramidal  in  shape,  and  reaching  forth  through  the  Mal- 
pighian  rete  to  the  cuticle :  these  papilke  are  most  conspicuous  (that  is 
to  say,  after  the  removal  of  the  cuticle)  in  the  Hps,  the  palms  of  the 
hands,  especially  about  the  tips  of  the  fingers,  and  in  the  soles  of  the 
feet,  and  constitute  the  primary  organ  of  touch.  Most  of  the  later 
anatomists,  after  Steno  and  Malpighi,  assert  that  immense  numbers  of 
miliary  cutaneous  glands  exist  eveiywhere  in  the  cutis,  for  the  secretion 
of  the  matter  to  be  perspired ;  but  these  can  scarcely  be  demonstrated 
at  all,  much  less  in  any  number ;  and  the  function  attributed  to  them 
may  be  performed  without  their  aid,  by  the  little  arteries  of  the  cutis. 
The  cutaneous  follicles  or  receptacles  are  perhaps  identical  with  the 
sebaceous  glands  of  some  authors.  .  .  .  The  hairs  also  are  usually  con- 
sidered as  belonging  to  the  cutis,  and  are  found  in  the  greatest  quan- 
tity on  the  head.  When  they  grow  on  the  body  they  are  called  pili ; 
when  on  the  head,  capilli,  &c."  (Cow^.  Jnat.,  n.  196—199.) 

473.  WiNSLOw.  *'  The  cutis  is  a  tissue  of  very  large  extent,  made 
up  of  several  kinds  of  fibres,  tendinous,  membranous,  nervous,  and 
vascular,  the  interlacement  of  which  is  the  more  wonderful,  in  that  it 
is  very  difficult  to  unfold,  being  in  every  respect  as  complicated  as  the 
texture  of  a  hat.  This  tissue  is  what  we  commonly  call  leather,  and 
constitutes  the  body  of  the  skin.  It  is  not  easily  torn,  but  yields  in 
all  directions,  and  afterwards  recovers  itself,  as  we  see  in  ^  persons, 
in  pregnant  women,  and  in  cases  of  swelling :  and  it  is  thicker  and 
more  compact  in  some  places  than  in  others.  Its  thickness  and  con- 
sistence are  not,  however,  always  proporticmable  to  each  othw ;  for  on 
the  back  parts  of  the  body  it  is  ordinarily  more  thick  and  less  e(Mnpact 
than  on  the  fore  parts  :  and  on  the  palms  of  the  hands  and  soles  of 
the  feet,   its  thickness  and  compactness  are  nearly  equal.  .  .  .  The 
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outer  surfiice  of  this  tissue  terminates  in  small  eminences,  called  by 
anatomists,  mammillaR  or  papillae,  in  which  the  capillary  filaments  of 
the  cutaneous  nerves  end  in  the  form  of  small  radiated  pencils.  These 
papillae  differ  yery  much  in  figure  and  arrangement  in  different  parts  of 
the  body,  so  that  they  may  be  distinguished  into  seyeral  kinds.  They 
are  for  the  most  part  flat,  of  different  breadths,  and  separated  or  cut 
off  from  each  other  by  furrows  or  sulci,  which  form  the  parts  between 
them  into  irregular  lozenges.  The  pyramidal  figure  generally  ascribed 
to  them  is  not  natural,  and  appears  only  when  they  are  contracted  by 
cold,  by  disease,  by  boiling,  or  by  any  other  artificial  mode  of  prepara- 
tion which  alters  their  ordinary  conformation.  The  pi^iillae  of  the  palm 
of  the  hand,  of  the  sole  of  the  fi>ot,  and  of  the  fingers  and  toes,  are 
hi^er  than  those  of  other  parts,  but  smaller,  closely  united  t<^ther, 
and  placed  as  it  were  erect  one  against  another,  in  particular  rows, 
which  represent  on  the  skin  aU  kinds  of  lines,  straight,  curved,  waving, 
spiral,  &e.  .  .  .  The  red  part  of  the  lips  is  also  made  up  of  papillae, 
resembling  very  fine  hairs  or  villi  closely  united  together.  There  is 
another  peculiar  kind  under  the  nails;  the  papillae  there  are  more 
pointed,  or  in  a  manner  conical,  and  turned  obliquely  toward  the  ends 
of  the  fingers.  Those  which  are  found  in  the  hairy  scalp,  scrotum,  &c., 
are  again  of  other  kinds. 

474.  "The  papillae  of  the  first  and  second  kinds  appear  to  be  sur- 
rounded at  their  bases  by  a  soft,  mucilaginous,  but  somewhat  viscid 
substance,  which  fiUs  the  bottom  of  the  interstices  between  them,  and 
represents  a  kind  of  network  or  sieve,  the  meshes  or  holes  of  which 
surround  each  papilla.  This  substance  is  generally  called  the  cor- 
pus reticulare  or  mucosum.  Its  origin  has  not  hitherto  been  satis- 
fiEu;torily  explained ;  and  it  has  not  been  determined  by  demonstrative 
proofs,  whether  it  separately  forms  a  universal  integument,  or  whether 
it  belongs  more  properly  to  the  body  of  the  cutis,  than  to  the  papillae 
and  epidermis.  .  •  .  In  inflammations  we  observe  naturally  a  peculiar 
network  of  capillary  vessels,  more  or  less  extended  on  the  surface  of 
the  cutis ;  and  minute  anatomists  clearly  demonstrate  the  same  thing  by 
their  fine  injections,  which  may  be  looked  upon  as  artificial  inflamma- 
tions :  but  neither  inflammation  nor  injection  proves,  that  in  the  natural 
state  these  capillaries  are  blood-vessels  properly  so  called,  that  is  to 
say,  vessels  which  contain  the  red  portion  of  the  blood.  It  is  more 
probable  that  this  vascular  texture  is  a  continuation  or  production  of 
the  finest  capillaries  of  the  arteries  and  veins,  which  in  the  natural 
state  cmly  allow  of  the  transmission  of  the  serous  or  lymphatic  part  of 
the  Uood,  while  the  red  part  continues  its  course  through  the  wider 
ramifications,   which  more  properly  have  the  name  of  blood-vessels. 
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This  vascular  interlacement  or  network  is  of  yarious  forms  and  figures 
in  different  parts  of  the  body :  thus  it  is  quite  different  upon  the  sldn 
of  the  face^  from  what  it  is  elsewhere,  and  it  is  even  different  in  dif- 
ferent parts  of  the  hce,  as  may  be  seen  by  the  most  ordinary  micro- 
scopes. .  •  . 

475.  "The  inner  surface  of  the  body  of  the  cutis  is  covered  over 
with  granules  or  small  tubercles,  commonly  called  cutaneous  or  miliary 
glands.  .  .  .  These  granules  are  partly  imbedded  in  the  substance  of 
the  cutis,  in  little  fossulse,  which  answer  to  the  same  number  of  little 
moulds  or  caps  in  the  adipose  substance.  Their  excretory  ducts  open  on 
the  surface  of  the  skin,  sometimes  through  the  papillae,  sometimes  on 
one  side  of  them ;  as  may  be  seen  at  the  ends  of  the  fingers,  even 
without  a  miscroscope.  The  greater  part  of  them  are  the  sources  of 
the  sweat,  and  there  are  some  of  them  that  supply  an  unctuous  and 
fatty  matter,  of  different  density,  as  in  the  hairy  scalp,  on  the  back, 
behind  the  ears,  at  the  end  of  the  nose,  where  in  certain  subjects  this 
matter  may  easily  be  squeezed  out  in  the  form  of  small  worms.  ...  By 
macerating  the  skin  in  water,  or  any  other  convenient  liquid,  these 
granules  or  corpuscules  become  very  visible,  especially  in  the  skin  at 
the  end  of  the  nose,  and  in  that  of  the  arm-pits.  The  late  M.  Du- 
vemay  clearly  demonstrated  to  the  Royal  Academy  of  Sciences,  the 
structure  of  some  of  these  cutaneous  glands,  which  appeared  like  cir- 
cumvolutions of  small  intestines,  plentifully  supplied  with  capillary 
vessels.  The  illustrious  Morgagni,  professor  at  Padua,  has  given  the 
name  of  glandulae  sebaceae  to  those  which  furnish  the  unctuous  matter 
above  mentioned.  Besides  these  granules,  there  are  other  small,  soUd 
and  hardish  bodies,  almost  of  an  oval  figure,  contained  in  the  sub- 
stance of  the  skin.  These  are  the  roots  or  bulbs  from  which  the  hairs 
arise.  .  .  . 

476.  "The  skin  is  perforated  by  an  infinity  of  small  holes  called 
pores,  which  are  of  two  kinds.  Some  are  more  or  less  visible,  as  the 
orifices  of  the  lacteal  ducts  of  the  mammae ;  the  orifices  of  the  excre- 
tory canals  of  the  cutaneous  glands,  and  the  passages  for  the  hairs. 
The  other  pores  are  imperceptible  to  the  naked  eye,  but  visible  enough 
through  a  microscope.  Their  existence  is  also  proved  by  the  cutaneous 
transpiration,  and  by  the  penetration  of  the  subtle  parts  of  topical  ap- 
plications ;  which  two  circumstances  may  furnish  legitimate  reason  for 
dividing  these  pores  into  arterial  and  venous.  ... 

477.  "  This  entire  apparatus  of  the  skin  is  covered  exteriorly  by  a 
very  thin,  transparent  web,  which  is  closely  joined  to  it,  and  is  called 
epidermis,  cuticle  or  scarf-skin.  The  substance  of  the  epidermis  ap- 
pears to  be  very  uniform  on  the  side  next  the  cutis,  and  on  the  other 
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side  to  be  made  up  of  a  great  number  of  exceedingly  fine  squamous 
laminee,  without  any  appearance  of  a  fibrous  or  vascular  texture,  except 
some  filaments  which  connect  it  to  the  papillfle,  and  which,  perhaps, 
are  detached  from  thence.  This  substance  is  very  solid  and  compact ; 
yet  capable  of  swelling  and  thickening,  as  we  see  by  steeping  it  in 
water,  and  by  the  blisters  raised  on  the  skin  by  vesicatories,  or  any 
other  means ;  and  hence  it  would  seem  that  it  is  of  a  spongy  texture. 
It  yields  very  much  in  swellings,  but  not  so  much  as  the  cutis,  without 
breaking  or  cracking.  The  origin  of  the  epidermis  is  as  obscure,  as 
its  reproduction  is  evident,  sudden  and  surprising,  in  that  it  grows 
again,  however  often  it  is  destroyed.  Probably  it  arises  from  a  sub- 
stance that  exudes  from  the  papillae,  and  if  so,  the  ancients  appear  to 
have  had  reason  with  them  when  they  called  it  an  efflorescence  of  the 
cutis.  We  must  not  however  imagine,  that  it  is  the  air  which  dries  this 
mucilaginous  matter,  and  gives  it  the  form  of  epidermis :  for  the  epi- 
dermis is  found  equally  formed  in  the  foetus,  which  swims  continually 
in  water ;  and  it  is  reproduced  on  the  palate,  after  having  been  brought 
away  by  too  hot  food  ;  as  well  as  under  plasters  applied  to  any  part  of 
the  body.  Hard  and  reiterated  firiction  detaches  it  more  or  less  imper- 
ceptibly, and  presently  afterwards  a  new  portion  or  layer  is  produced, 
which  lifts  up  the  former  layer,  and  this  happens  again  and  again.  .  .  . 
The  epidermis  adheres  very  closely  to  the  cutaneous  papillae;  from 
which  it  may  be  separated  by  boiling  water,  or  ...  by  maceration  for 
some  time  in  cold  water.  ...  It  adheres  still  more  closely  to  the  corpus 
reticulare,  which  is  easily  raised  or  detached  along  with  it,  so  that  the 
one  seems  to  be  a  true  portion  or  continuation  of  the  other.  ...  If  we 
narrowly  examine  the  Httle  pores  or  holes  through  which  the  sweat 
passes,  the  epidermis  will  be  seen  to  enter  them,  in  order  to  complete 
the  excretory  tubes  of  the  cutaneous  glands.  The  fossulae  of  the  hairs 
are  also  furnished  with  similar  elongations  of  epidermis ;  and  even 
the  hairs  themselves  appear  to  receive  from  it  a  species  of  bark.  The 
almost  imperceptible  canals  of  the  cutaneous  pores  are  also  lined  with 
it  internally.  By  long  maceration  of  the  skin  in  water,  the  epidermis, 
with  all  its  elongations,  may  be  detached  from  it ;  so  that  the  latter 
carry  with  them  the  hairs,  their  roots  or  bulbs,  and  even  the  [cuta- 
neous] axillary  glands."  (Exp.  Anat.,  Hist.  gen.  dea  Teffumens,  &c., 
n.  5—44.) 

478.  Leeuwenhoek.  "  1  pared  the  skin  on  the  inside  of  the 
hand  and  fingers,  where  it  was  sufficiently  thick  ...  to  enable  me  to 
cut  o£P  three  or  four  lamellae  without  drawing  blood.  At  length,  by 
repeated  observations  and  experiments,  I  obtained  such  results,  that  I 
can  state  for  certain,  that  in  the  whole  field  of  the  external  skin  of  the 
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body  there  is  no  space  but  what  is  perforated  with  excretory  Teasels ; 
through  which  yessds,  in  healthy  subjects,  both  aqueous  moisture  and 
fat  exhale  in  a  perfectly  orderly  way.  These  yesseb,  which  perforate 
the  surface  of  the  skin  in  yast  numbers,  and  are  covered  oyer  with  a 
kind  of  little  scale,  are  so  large,  that  their  diameter  is  three  times  that 
of  their  mouths  or  orifices.  But  when  placed  under  the  microscope, 
they  are  generally  seen  folded  together,  just  as  the  blood-vesseb  in  the 
flesh  of  animals  are  found  to  collapse  when  emptied  of  blood.  Hence 
it  is,  that  out  of  five  and  twenty  such  vessels,  (however  thin  may  be 
the  lamellsB  that  are  pared  from  the  skin,)  we  can  scarcely  find  a  single 
one  that  seems  pervious  to  the  sight.  .  .  .  Several  times  I  applied  a 
clean  piece  of  glass  for  a  moment  to  the  face,  just  under  the  eye  and 
close  to  the  nose,  where  the  skin  b  comparatively  seldom  touched  or 
wiped ;  and  when  I  submitted  the  glass  to  the  microscope,  I  found  it 
much  stained  with  fat.  Afterwards,  having  cleaned  the  glass,  I  wiped 
this  part  of  the  face,  and  rubbed  it  well  with  a  dean  towel  until  the 
skin  became  red ;  and  in  order  that  no  portion  of  the  fat  which  was  on 
the  towel  should  be  communicated  to  the  face  by  the  repeated  rubbing, 
I  firequently  changed  the  part  of  the  towel  which  I  made  use  of.  Hien, 
in  less  than  a  quarter  of  a  minute,  I  again  applied  the  ^ass  to  the 
dean  skin.  And  on  again  submitting  the  glass  to  the  microscope,  I 
saw  so  incredible  a  quantity  of  fatty  and  most  minute  halitns  settled 
upon  it,  as  scarcely  any  one  can  conceive  without  witnessing.  After 
this,  I  repeatedly  wiped  the  skin  with  a  perfectly  dean  towd,  and  par- 
ticularly that  part  of  it  to  which  I  was  about  to  apply  the  glass :  and 
in  less  than  a  minute  I  applied  the  glass  to  the  £Ace.  And  when  I 
looked  at  it  as  before,  I  again  saw  the  fatty  halitns,  but  separate  from 
each  other.  .  .  .  Inasmudi  as  the  vessds  covering  the  skin  lie  so  dose 
t(^ether,  and  the  skin  itself  is  roughened  by  various  little  excavations 
Mid  eminences,  therefore  these  vessels  are  not  distributed  in  an  or- 
derly and  regular  series.  .  .  .  Their  mouths  or  orifices  .  .  .  look  partly 
upwards,  and  tend  partly  in  an  obUque  direction.  ...  I  pared  several 
lamellse  from  my  skin,  and  submitted  them  to  the  microscope,  and 
saw  with  no  small  delight  that  a  little  piece  of  skin  no  bi^er  than 
might  be  covered  by  a  common  grain  of  sand  was  perforated  with  in- 
numerable pores ;  which  I  distinguished  with  great  deamess,  the  case 
being  much  as  if  we  were  to  prick  a  little  piece  of  paper  with  a  veiy 
fine  needle,  and  see  the  sun  diining  through  the  hdes.  .  .  •  According 
to  the  best  estimate  I  can  make,  I  oondude  that  a  piece  of  skin  the 
tenth  of  an  inch  long  contains  at  least  a  hundred  and  twenty  vessels. 
But  let  us  be  content  with  the  round  number  of  a  hundred.  Then  a 
]»eoe  not  above  an  inch  long  must  hold  a  thousand  vessels ;  a  piece 
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a  foot  long,  twelve  thousand  vesseb;  and  a  square  foot  of  skin^  a 
hundred  and  forty-four  millions.  Hence  if  we  reckon  the  surface  of  a 
middle-sized  man  to  cover  fourteen  square  feet»  it  will  follow  that  his 
skin  is  perforated  hy  two  thousand  and  sixteen  millions  of  vessels.'* 
CEpUtoUB  PhynoU>g%e4JBi  Epist.  xliii.>  p.  405-— 413>  and  fig.  1,  2,  3> 
4,  5;  Delphis,  1719.) 

479.  BoE&HAAVE.  "The  excretion  of  the  sweat.— Underneath 
the  cutis^  upon  the  fat,  all  over  the  circumferenoe  of  the  hody,  lie  what 
are  called  the  miliary  glands;  thickly  set;  furnished  with  an  artery, 
vein  and  nerve;  and  giving  forth  an  excretory  vessel,  which  rising 
through  a  foramen  in  the  reticular  substance,  discharges  the  sweat  by 
an  open  orifice  under  the  epidermis ;  and  is  covered  by  a  hollow,  ele- 
vateable,  roundish  valve,  placed  beneath  the  cuticle,  and  oi^>able  both 
of  transmitting  and  confining  the  humor.  This  [vessel]  is  the  principal 
organ  for  the  excretion  of  the  gross  sweat ;  there  being  other  vessels, 
namely  the  vascula  Ruyschiana,  for  pouring  out  the  thinner  moisture. 
(Inat.  Med.,  n.  424.)  The  Sanctorian  [or  insensible]  perspiration. — 
Besides  the  above,  there  are  other  exhalant  vessels  under  the  little 
scales  of  the  epidermis,  opening  obliquely,  and  of  such  exceeding  fine- 
ness, that  Leeuwenhoek  reckons  that  125,000  of  them  open  in  a  space 
that  may  be  covered  by  a  single  grain  of  sand.  By  these  vessels  a 
most  subtle  humor  is  constantly  transpiring  from  every  point  of  the 
body,  which  humor  is  named  the  Sanctorian  perspiration,  firom  its  dis- 
coverer, Sanctorius,  who  has  all  the  credit  both  of  originating  and 
completing  this  [branch  of  the]  doctrine  [of  the  skin].  The  exhalation 
of  this  humor  is  carried  on  by  the  wlude  external  epidermis,  as  well  as 
by  the  cuticle  of  the  mouth,  the  nares,  the  fimces,  the  larynx,  the 
lungs,  the  cesophagus,  the  stomach,  the  intestines,  the  bladder,  and 
the  uterus :  hence  its  quantity  b  greater  than  that  of  all  the  other 
excretions  put  together.  In  fiu^  in  the  climate  of  Italy,  in  a  person  in 
the  prime  of  life,  who  enjoys  easy  circumstances  and  takes  moderate 
food,  the  perspiration  which  exhales  from  the  external  skin,  the  mouth, 
and  the  nares,  is  equal  in  weight  to  five  eighths  of  the  aliment  taken 
into  the  body.  The  complete  subtlety  of  this  humor,  its  undisturbed 
equability,  its  great  abundance,  the  lightness  [of  the  body]  as  respects 
our  feelings,  and  its  increased  heaviness  in  actual  weight,  its  increase 
[in  wei^t]  after  sleqp, — ^these  eonditioBS  demonstrate  the  most  perfect 
health,  and  at  the  same  time  are  the  principal  means  of  preserving 
health.  But  a  departure  from  them  is  about  the  most  certain  as  well 
as  the  first  sign  oif  disease  and  possibly  also  the  cause  of  it.  (Bdd., 
n.  426—429.)    We  may  understand  that  when  the  sweat  is  increased. 
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and  its  vessels  enlarged^  the  perspiration  must  necessarily  be  diminished, 
and  its  vessels  compressed :  also  that  this  perspirable  matter  is  con- 
verted into  sweat  by  violent  exercise  and  excessive  heat ;  but  that  it  is 
very  greatly  assisted  by  moderate  exercise  and  warmth :  and  that  no- 
thing is  more  conducive  to  its  escape  than  gentle  and  long-continued 
friction :  that  prolonged  and  profuse  sweating  causes  the  greatest  lassi- 
tude and  debility:  and  constantly  and  necessarily  occurs  in  weak, 
wasted,  phthisical  subjects,  and  in  those  who  are  in  a  state  of  syncope, 
or  at  the  point  of  deaUi.  But  why  is  the  perspiration  least  in  a  healthy 
person  immediately  after  a  meal,  and  why  does  it  continue  diminished 
for  a  considerable  period  ?  Why  is  it  greatest  between  the  fifth  and 
twelfth  hours  after  a  meal  ?  What  is  the  reason  that  it  is  so  much 
promoted  by  riding  on  horseback,  by  carriage  exercise,  by  sailing  in  a 
boat,  and  above  all  by  moving  about  briskly  upon  the  ice,  or  in  the 
snow?"  (Tbid.,  n.  433.) 

480.  SwAMMERDAM.  ''The  external  skin  [of  the  pediculus  or 
louse]  is  like  stiff  and  transparent  parchment.  In  many  places  it  is 
marked  by  fine  grooves  or  channels,  in  the  same  manner  as  the  ends 
of  our  fingers ;  which  grooves,  when  viewed  with  a  powerful  micro- 
scope, really  seem  to  be  so  many  divisions  of  pulmonary  pipes.  .  .  . 
Globular  particles  sometimes  appear  in  the  place  of  lines  or  oblong 
pipes.  ...  In  the  borders  of  the  abdomen,  the  skin  .  .  .  appears  to  be 
composed  of  r^;ular  squares,  wherein  circular  grooves  may  be  seen  in 
one  part,  in  another  globules,  in  a  third  both  globules  and  grooves,  or 
again,  only  plain  transparent  skin  dotted  with  points."  (Biblia  Natura, 
p.  84,  85.)  The  above  grooves,  globules,  squares,  circular  grooves, 
points,  &c.,  are  represented  in  ibid.,  tab.  ii.,  fig.  9,  10. 

481.  ''The  cuticle  and  cutis  [of  the  cancellus  or  hermit-fish],  are 
glandular,  and  immediately  under  them  is  seen  a  fleshy  membrane. 
On  removing  these  integuments,  we  come  to  a  great  number  of  white, 
glistening  filaments,  which  are  put  together  with  beautiful  r^ularity, 
so  as  to  cover  a  vast  number  of  Uttle  parts,  all  exquisitely  arranged, 
and  in  external  appearance  resembling  intestines.  By  tracing  these 
white  filaments  to  their  origin,  I  saw  that  they  were  the  blood-vessels, 
which  in  the  cancellus  are  of  a  white  color  like  a  cobweb.  What  I  at 
first  took  for  little  intestines,  were  all  appendages,  sometimes  single, 
and  sometimes  divided ;  these  were  of  a  tubular  structure,  and  whitish 
color,  and  contained  a  matter  separated  into  dissimilar  parts,  and  con- 
densed into  serum  and  coagulum.  These  appendages  were  so  very 
numerous  as  almost  to  cover  [occuparent]  the  abdomen :  but  they  were 
all  connected  together  by  blood-vessels.  .  .  .  They  unite  on  each  side 
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P^tr^ls  "S:  i7^j;^t  !^  -  the  stc^b.   where  the 

f  °e  skin  was  ll,    '  .^  Jj^^'l  *^«  *P'«>«'^»  ^  the  »kin ;  the 
^^^  Bpots.  an/^p!l?'**^  '*'  f^*'™«»  '^th  beautiful  colors  and 

-•«b8ep.;.ted%S^«i,rT^''?"'"'"'8'°'''^«-    ''^'- 
was  composed  of  vp™  „„  *,  "^  glandular  substance,  which 

theglul.otlSZ'"""^*'"''^*'^*'-  Tt«- «l«nds  secrete 
of  the  Ws  skin  and  ,w  T*^  *°  '^  'P"^  »^«^'  the  surface 
BJippeor.  This  sp;ciroft  •""?**  't~  """^'^  "°«>th  and 
by  its  acrimony  Tmh^^  *  ^"  *  '''*'*'  *^'  «°<J  »»^  the  eyes 
wound,  itevenoluses  w^»  "S""  '"^^  ^'^'^'^  **»««  "  •"'7  «ttle 

483.  See  the  ^e  Crk  ^  ^^  f '  '"'-^ 
'Vina  of  worms,    lie  wol  ^f^  *' ""*^8 '"'' **«°«i°«  «>f  the 
265.   and  tab.  aii     Th  hemerobios  or  ephemeras,  p.  257- 

P-309.    The  worm' of  t^I^**"""'  "  ""*""  "^  *'»*'  rhinooeros-beetle. 
paw  into  a  cL^  t  '''"•,?•  ^22.  423.    The  change  of  the  cater- 
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484.  It  was  a  saying  and  belief  among  the  ancients,  that 
man,  as  well  as  every  individual  living  snbject,  is  a  micro- 
cosm, or  a  little  world  moveable,  acting  and  living  in  the  great 
world  or  macrocosm.  For,  indeed,  he  is  famished  and  endowed 
with  his  own  proper  powers  and  forces,  or  essential  conditions ; 
with  his  own  proper  eflforts  and  determinations ;  and  with  his 
own  proper  laws  derived  from  his  own  order ;  so  that  he  is  com- 
plete in  himself,  or  has  all  his  circumstances  with  him,  and 
rules  them  by  the  auspices  and  will  of  his  mind,  and  thus,  as 
being  animated,  is  self-dependent  in  those  things  that  concern 
himself  (a).     But  he  derives  the  possibility  whereby  he  exists 

(a)  We  pointed  out  on  several  occasions  in  the  two  preceding  Parts 
of  the  Work^  that  the  living  body,  in  its  determinations,  directions, 
powers,  and  forces,  hence  in  its  essential  conditions,  is  not  by  any 
means  subject  to  the  order  and  laws  of  the  universe  or  circumambient 
world,  but  that  as  it  derives  its  form,  so  it  derives  its  determinations, 
from  its  own  principles,  just  as  the  universe,  from  its  own  principles. 
Thus  in  Part  I.  we  find  the  following  words  :  "  The  animal  microcosm 
imitates  the  macrocosm  in  all  its  properties ;  but  whatever  it  receives 
from  the  visible  and  circumambient  world,  it  withdraws  from  the  powers 
of  that  world,  and  subjugates,  and  appropriates  to  itself.  Conse- 
quently, to  avoid  being  misled  in  investigating  the  body,  it  is  necessary 
to  put  aside  ideas  derived  through  the  senses  from  without,  touchiug 
the  extension  of  the  government  of  the  general  sphere  of  nature  to  the 
interiors  of  the  animal  world ;  and  to  confine  ourselves  to  the  conse- 
quences of  similar  causes  within"  (n.  133).  And  the  reader  will  find 
this  confirmed  throughout.  It  results  entirely  from  the  form  of  each 
thing,  or  from  the  determination  of  its  essentials ;  for  everything  derives 
from  this  ground  the  essence  that  makes  it  what  it  is,  and  the  nature 
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and  subsists  in  this  state^  firom  the  great  circumambient  world, 
and  from  the  terraqueous  globe,  which  he  inhabits. 

485.  It  is,  I  think,  a  matter  of  the  greatest  importance,  to 
examine  what  this  living  microcosm  derives  from  the  great  world 
of  which  it  is  an  inhabitant,  and  from  the  jurisdiction  of  which 
it  has  in  a  manner  departed ;  and  what  it  derives  from  itself, 
and  thus  possesses  and  has  control  of:  but  we  can  only  set 
forth  the  particulars  summarily  in  this  place.  I.  The  atmo- 
spheres  of  the  circumambient  world  lie  incumbent  upon  the 
animal  microcosm ;  press  all  points  of  its  body  with  a  force  and 
weight  proportioned  to  their  colimrn ;  and  thus  hold  together  in 
imbroken  connexion  whatever  belongs  to  it  (&)•  The  microcosm 
itself,  on  the  other  hand,  reacts  against  the  force,  gravity  and 

that  causes  it  to  act  in  the  mamier  that  it  does ;  which  is  the  reason 
why  substance,  because  possessing  its  own  form,  is  defined  by  philoso- 
phers as  Being,  separate  from  other  things,  and  subsisting  by  itself. 
Our  animal  body,  composed  of  divers  members,  is  a  substance  in  this 
sense,  whose  form,  determined  by  fibres  and  vessels,  according  to  ends 
and  uses  in  the  first  sphere  and  in  the  last,  obtains  and  presents  the 
most  different  directions,  although  on  the  model  of  the  directions  in  the 
universe ;  for  the  blood  and  the  other  fluids,  like  the  food,  go  upwards 
as  readily  as  downwards,  being  bound  to  follow  the  stream  and  gyres  of 
the  motion  impressed  upon  them.  But  this  matter  has  a  wide  range  of 
applications,  although  perhaps  it  displays  itself  nowhere  more  mani- 
festly than  in  the  several  fabrics,  operations  and  modes  of  the  living 
body.  Yet  inasmuch  as  nothing  in  nature  can  exist,  or  consequently 
subdst,  from  itself,  hence  everything  must  necessarily  derive  its  origin 
from  other  things  prior  to  itself,  and  thenceforth  be  dependent  upon 
them  :  wherefore  we  have  now  to  enquire  in  what  way  the  body  subsists 
from  the  drcuraambient  world,  and  at  the  same  time  from  its  own 
active  and  living  principle.  For  from  it  we  may  conclude  to  other  sub- 
stances of  a  similar  kind,  more  or  less  simple  or  composite ;  and  we 
shall  find  that  the  animal  body  ia  a  kind  of  world  in  itself,  or  according 
to  the  saying  of  the  ancients,  a  microcosm. 

(b)  The  force  of  the  pressure  of  the  air  is  ascertained  by  multiply- 
ing the  height  of  its  column,  and  the  consequmit  gravity,  with  the  area 
of  the  given  orifice ;  and  according  thereto,  it  presses  [equally]  against 
the  sides,  whether  convex  or  concave,  in  every  direction :  proportioned 
to  this  is  its  effort  or  endeavor,  and  furthermore,  its  actual  power. 
(Part  II.,  p.  141,   142,  n.  394,  and  note  d.) 
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incumbency  of  the  atmospheres^  by  similar  and  equal  proper- 
ties of  its  own ;  so  that  there  is  an  equilibrium  between  the 
two^  and  the  action  and  reaction  are  equal  (c).  The  same  con- 
dition  obtains  in  the  case  of  the  atmosphere  flowing  into  the 
lungs^  and  inspiring  the  body  and  its  members  with  powers  of 
motion  and  reciprocation  {d),  II.  The  atmospheres^  parti- 
cularly the  ethereal  or  prior  atmospheres,  urge  all  parts  of  the 
body,  consequently  the  whole,  to  their  centre  of  gravity  {e) ; 
and  this,  in  order  that  we,  pressed  down  in  the  bottom  of  the 
atmospheres,  may  walk  upon  the  soil  of  the  subject  earth,  and 
there  have  our  dwelling-place,  buUd  up  our  abodes,  and  institute 
our  communities.  For  the  rest,  we  ourselves  command  the 
reins  of  our  bodies,  and  move  them  to  whatever  quarter  and  in 
whatever  direction  we  please,  and  govern  the  kingdom  by  bur 
own  laws  of  administration.  III.  Furthermore,  the  atmo- 
spheres minister  to  and  serve  us,  by  their  other  properties ;  for 
example,  by  their  modifications,  by  which  they  flow  into  the 

(c)  This  is  very  evident  from  the  phenomena  of  the  air-pump. 
Thus  [when  small  animals  are  placed]  in  an  exhausted  receiver,  the 
skin  and  the  tunics  under  it,  together  with  the  cavities  of  the  chest 
and  abdomen,  swell  to  an  immense  degree ;  and  the  same  is  the  case 
with  parts  over  which  the  air  is  rarefied  by  the  application  of  heat  and 
cupping-glasses  ;  and  in  situations  where  a  heavier  or  lighter  column  is 
incumbent. 

(d)  Respecting  the  equilibrium  that  exists  in  ordinary  respiration, 
between  the  gravitating  powers  of  the  circumambient  atmo^here,  and 
the  singular  or  internal  powers  of  the  lungs  in  conjunction  with  the 
common  or  external  powers  of  the  thorax,  see  Part  II.,  the  Chapter  on 
the  Lungs,  p.  149,  n.  394,  and  note  (n). 

(e)  It  is  very  clear  from  the  spherical  form  of  the  terraqueous  globe; 
firom  the  antipodes,  or  inhabitants  of  the  globe  diametrically  opposite 
to  each  other ;  firom  the  oentripetency  arising  fix>m  simple  gyration,  and 
other  similar  phenomena,  that  the  above-mentioned  tendencies  [to 
centres  of  gravity],  proceed  entirely  firom  the  determination  of  the 
ether  or  purer  atmospheres,  and  from  the  pressure  thence  resulting 
upon  the  least  particles  of  the  matter  placed  in  their  way ;  by  which 
pressure  we  also  are  affixed  to  the  soil  of  the  earth.  But  these  direc- 
tions vary  according  as  the  forms  of  motion  are  different,  or  the  motion 
differently  impressed ;  as  clearly  proved  by  an  infinity  of  experimental 
facts  of  a  physical  kind. 
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organs  of  our  senses^  and  in  spite  of  distance  make  objects 
present,  and  represent  tliem  as  contiguous  to  us :  these  modifi- 
cations we  apprehend  by  our  sensoria  of  hearing  and  sight. 
We  appropriate  them  to  ourselves,  endow  them  with  life,  and 
turn  them  into  sensations  :  in  like  manner  also  those  modifica- 
tions that  come  to  the  cognizance  of  the  purer  touch  in  the 
organs  of  smell  and  taste  (/).  IV.  The  atmospheres  also  com- 
municate to  us  their  changes  of  state, — their  heat,  cold,  dry- 
ness, moisture,  in  all  their  variety;  their  partial  motions, 
general  perturbations,  and  a  multitude  of  other  states.  We, 
on  the  other  hand,  oppose  to  these  the  states  of  our  bodies, 
and  the  changes  proceeding  firom  our  innermost  sphere, — our 
heat,  our  cold,  our  temperaments,  and  our  variously  directed 
inclinations ;  lest  the  states  of  the  atmospheres,  entering  clan- 
destinely, should  penetrate  deeper  than  our  nature  allows  for 
the  purpose  of  enabling  us  to  be  affected  by  them.  V.  The 
atmospheres  nourish,  recruit,  and  constantly  renovate  our  blood 
and  spirit,  with  elements  sublimed  from  saline  matters,  thus 
with  occult  food,  insinuated  principally  through  the  cuticular 
circumference,  and  through  the  pulmonary  vesicles  {g).  The 
earth  does  the  same  out  of  its  three  kingdoms,  but  through 
open  orifices  and  tubes  leading  into  the  chylopoietic  and  san- 
guigenouB  viscera.  We,  on  the  other  hand,  after  we  have 
enjoyed  these  provisions  and  presents,  offered  and  invited, 
either  cast  aside  the  obsolete  portions  of  them,  that  have  done 
their  part,  and  are  now  unserviceable  and  filthy,  and  would 
pollute  the  chambers  of  the  body,  through  pores  into  the  field 
of  the  universe,  or  eke  discharge  them  through  the  gates  of 
the  belly.  VI.  The  terraqueous  and  atmospheric  world  at  last 
receives  in  its  bosom  this  corporeal  system,  reared  up  and  com- 

(/)  On  this  subject  see  Part  II.,  p.  49,  50,  n.  359  (e),  and  the 
succeeding  Chapters  of  the  present  Part,  on  the  Sensoria  of  Taste, 
Smell,  Hearing,  and  Sight. 

(ff)  Respecting  the  nutrition  of  the  body  by  means  of  the  pores  of 
the  cuticle,  and  respecting  the  ejection  and  removal  of  the  parts  unfit 
for  nutrition,  see  the  citations  prefixed  to  the  Chapter,  [and  n.  492,  493, 
below.]  Respecting  the  nutrition  carried  on  through  the  pulmonary 
vesicles,  see  Part  II.,  p.  183 — 191,  n.  406,  and  the  Notes. 
yOL.  II.  PART  in.  CHAP.  I.  c  c 
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posed  out  of  its  elements^  and  which  has  now  ceased  to  lire^ — 
buries  it  in  the  tomb^  requires  of  it  the  materials  it  has  bor- 
rowed^ and  again  disperses  them.  But  the  soul  and  supreme 
mind  of  that  body^ — ^not  the  dust^  but  the  celestial  part  of 
nature^ — ^whose  life  that  corporeal  world  has  lived,— divested  o£ 
its  tenement,  bidding  farewell  to  its  whilom  macrocosm,  betakes 
itself  completely  to  its  own  higher  sphere^  of  which  it  can  be 
an  inhabitant. 

486.  These  considerations  shew  what  we  derive  from  the 
circumambient  world,  and  what,  from  ourselves;  to  wit,  that 
the  world  only  sustains  the  orders  and  states  of  our  bodies,  as 
a  common  auxiliary,  and  gives  us  the  ability  to  enjoy  fully  our 
proper  powers  ^  and  constitution.  For  this  end  it  is  that  we  are 
begirt  and  surrounded  with  so  many  coverings  and  tunics,  by 
means  of  which,  communications  are  maintained.  In  order 
that  these  communications  may  be  explored  specifically,  as  to 
the  manner  of  their  fluxion  to  and  fro,  let  us  imfold,  one  by 
one,  the  actual  boundaries ;  that  is  to  say,  the  skin  proximate 
and  contiguous  to  the  atmospheres,  its  layers,  and  their  uses. 

487.  Description  : — ^The  cuticle  or  EPiDsaMis  is  the  most 
general  of  all  the  tunics  of  the  body,  covering  its  circumfer- 
ence and  ultimate  limits  frcmi  top  to  bottom,  or  from  the  crown 
of  the  head  to  the  extremities  of  the  fingers  and  toes,  and  only 
terminating  in  the  apertures,  there  to  insinuate  itself  more 
deeply  inwards :  divided  in  the  most  distinct  manner  into  little 
plates  or  scales  applied  one  to  the  other,  intermediate  in  cha- 
racter between  membrane  and  horn,  hence  pliable  and  elastic ; 
growing  upon  the  subjacent  reticulum,  aiid  by  this  means  con- 
nected with  the  papillary  substance  or  cutis.  This  thin,  foliated 
tunic  is  diversified  by  frirrows,  ridges,  and  little  lines,  drawn 
and  channelled  transversely,  obliquely,  circulariy,  spirally;  and 
in  this  manner  is  partitioned  into  diversiform  areas,  islands, 
and  tuberosities,  in  the  extremes  particularly :  and  at  the  same 
time  it  is  full  of  little  foramina  and  imperceptible  pores,  coming 
up  fix)m  the  subjacent  papillary  and  glandular  congeries,  whence 
it  is  perspirable  throughout.  Its  color  varies,  according  to  tem- 
peraments, to  the  height  of  the  sun  at  noon,  and  the  climate ; 
but  nevertheless  it  is  destitute  of  sensation,  and  without  dis- 
cernible fibres  or  vessels. 
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488.  Uses  : — ^This  squamous  cuticle,  I.  Collects  the  parti- 
cular utilities  and  functions  of  all  the  tunics  and  strata  that 
lie  under  it,  represents  them  in  itself  in  a  general  manner,  and 
completes  them :  for  by  those  tunics,  and  on  their  account,  its 
formation  and  character  are  such  as  we  see  (A).  II.  It  main- 
tains the  connexions  of  the  parts  spread  under  it :  it  sustains 
their  changes  of  state :  and  impels  them  to  perform  their  offices 
aright.  III.  Like  a  coat  of  mail,  constriK i . < i  (w  /voiiiu  liul 
scales,  folds  and  joints,  it  protects  and  defends  the  sensitive, 
soft  and  agile  tunics  that  it  covers  in,  against  injury  from  the 
surrounding  air,  against  its  heat,  cold,  perturbations,  and 
various  conditions  not  in  agreement  with  the  state  of  the  body  ; 
and  moreover  against  the  rough  and  stinging  particles  of  its 
vapors,  and  of  diflFercnt  fluids  :  and  it  takes  upon  itself  in  the 
first  instance  the  changes  to  which  these  will  give  rise  in  the 
body,  tempers  them,  and  tends  to  break  their  force.  IV,  It 
institutes  the  proximate  communications  between  the  circum- 
ambient world,  and  the  corporeal  world  that  it  encloses ;  that 
is  to  say,  it  admits  from  the  air  and  ether  comparatively  pure, 
simple  elements,  which  arc  in  harmony  with  the  natiural  state, 
and  sends  them  down,  as  new  aliment,  into  passages  that  lead 
to  the  blood.  On  the  other  hand,  it  sends  out  obsolete  volumes 
of  effluvia,  and  sweats  consisting  of  useless  lymph,  brine,  and 
rancid  fat,  and  disperses  them  into  the  contiguous  air.  V.  It 
puts  together  the  primal  singular  [singularissimos]  modes  of 
sensation  of  the  fibrilLne  and  papillae,  into  a  kind  of  common 
mode  that  is  termed  the  sense  of  touch;  which  it  regulates, 
sharpens,    and  blunts,  so  as  exactly  to  produce  the  varieties 

(h)  Several  strata  of  different  substances,  also  called  tunics,  lie 
under  the  cuticle  or  epidermis  ;  for  example,  the  corpus  reticulare  or 
reticulum  cutaneum  ;  under  this  a  papillary  as  well  as  a  glandular  sub- 
stance, which  rests  upon  a  layer  made  up  of  fibres,  blood-vessels,  and 
filaments :  then  come  the  fat  and  the  bulbs  of  the  hairs  ;  next  the 
muscular  series  ;  then  the  common  coverings, — the  peritonaeum  in  the 
region  of  the  abdomen,  the  pleura  in  the  region  of  the  chest ;  and  so 
forth.  Each  of  these  layers  has  both  its  peculiar  and  general  uses  ; 
respecting  which  we  shall  have  to  treat  in  due  course  in  the  following 
pages. 

cc  2 
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that  nature  requires  of  that  sense  in  the  difTerent  parts  of  the 
body.  On  account  of  these  ends  and  uses^  this  ultimate  cuti- 
cular  covering  and  bond  is  not  a  continuously-formed  structure, 
but  is  framed  of  contiguous  scales^  possessing  vis  inertue.  Let 
us  now  examine  these  uses  separat^ly^  and  illustrate  and  confirm 
them  by  the  evidence  of  experimental  facts  (i). 

489.  I.  The  cuticle  collects  the  particular  utilities  and  fimc- 
turns  of  all  the  tunics  and  strata  that  lie  under  it,  represents  them 
in  itself  in  a  general  manner,  and  completes  them.  The  imder- 
lying  series  or  lamellse  jointly  forming  the  cutaneous  covering, 
are  many  in  number ;  namely^  the  corpus  reticulare^  the  papil- 
lary substance^  the  glandular  substance^  the  vascular  congeries 
interwoven  with  nerves^  and  with  filaments  resembling  lym- 
phatics ;  the  cellular  compages  of  the  fat ;  next^  dense  muscular 
fibre;  lastly,  the  common  coat  of  the  viscera, — ^in  the  chest, 
the  pleura,  and  in  the  abdomen,  the  peritonoeum  {k) :  with  all 
these,  placed  for  the  most  part  one  upon  another,  or  set  close 
together,  are  we  covered  round  as  with  a  coat  of  armor  or  a 
sheath.  Each  of  them  contributes  in  some  peculiar  manner  to 
the  defence  of  the  body,  to  the  prolongation  of  life,  to  com- 
munication with  the  ambient  air,  and  to  exercitation.  But  the 
cuticle,  which  is  placed  in  the  outermost  sphere,  draws  to  itself 
the  sum  and  substance  of  the  utilities  of  all,  and  this  for  the 
common  good.  For  it  is  regarded  by  all  as  the  boundary  and 
closing  line.  For  that  which  precedes,  and  which  is  interior, 
always  has  in  view  something  beyond  itself,  in  which  to  deposit 
the  ultimate  e£fect  and  use,  and  thereby  to  come  to  a  rest; 

(t)  Henceforth,  in  my  examination  of  different  organs,  I  propose 
to  observe  the  following  plan:  in  the  first  place,  to  sketch  a  brief 
description  of  the  part  under  notice ;  in  the  next  place,  simply  to 
enumerate  its  uses,  common  and  proper ;  and  afterwards,  to  recur  to 
them,  and  consider  and  explain  them  in  detail ;  and  to  confirm  them  by 
experimental  evidence  in  the  notes  or  commentary. 

{k)  It  will  be  shewn  in  the  proper  place  in  the  following  pages, 
that  the  skin,  in  the  broad  sense  of  the  term,  is  composed  of  all  the 
above  layers,  placed  one  upon  another,  and  united  together  in  a  won- 
derful manner ;  for  in  the  sequel  we  shall  have  to  treat  of  each  layer 
specifically. 
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which  is  the  reason  why  the  epidermis  is  thin,  flexible,  com- 
phant,  channelled  with  furrows,  and  perforated  with  pores  (/). 
For  by  those  tunics^  and  on  their  account ,  its  formation  and  cha- 
racter are  such  as  we  see.  In  fact  the  cuticle  grows  and  efflo- 
resces from  the  subjacent  reticulum,  and  by  this  means  especially 
from  the  papillary  fibre,  the  glandular  vessel^  and  the  bidbs  of 
the  fatty  layer  (w),  and  thus  arises,  by  continuity  of  connexion, 

(/)  The  great  expansibility  of  the  cuticle  is  evident,  not  only  from 
its  squamous  contexture  and  the  manner  in  which  its  parts  are  fastened 
together,  but  also  from  the  wonderful  way  in  which  it  yields  when  the 
body  swells;  as  in  its  voluntary  extension  and  inflation  in  cases  of 
obesity,  in  the  swelling  that  takes  place  under  the  air-pump,  and  on 
the  application  of  blisters ;  also  in  growing  tumors,  in  pregnancy,  in 
dropsy,  in  tympanitis,  and  similar  diseases.  "  This  substance,"  says 
Winslow,  speaking  of  the  epidermis,  "  is  .  .  .  capable  of  swelling  and 
thickening,  as  we  see  by  steeping  it  in  water,  and  by  the  blisters  raised 
on  the  skin  by  vesicatories,  or  any  other  means ;  and  hence  it  would 
seem  that  it  is  of  a  spongy  texture.  It  yields  very  much  in  swellings" 
(n.  477).  That  the  cuticle  is  channelled  with  furrows  is  declared  by 
Heister.  " We  see  in  it,"  says  he,  "various  furrows  or  lines,  called 
by  Pliny,  incisuree,  which  are  deeper  in  some  places  than  in  others,  and 
exist  all  over  the  surface,  but  particularly  in  the  palms  of  the  hands" 
(n,  470).  Tliat  the  cuticle  is  perforated  with  pores,  see  Heister,  n. 
470  ;  Winslow,  n.  477  ;  Lecuwcnhock,  n.  478 :  and  respecting  the 
Sanctorian  perspiration,  sec  Boerhaave,  n.  479.  It  is,  therefore,  flexible 
and  yielding,  in  order  that  it  may  be  compHant  with  the  subjacent 
tunics  in  all  the  modes  and  particulars  of  their  action.  It  is  channelled 
with  furrows,  in  order  that  by  being  a|»j)lied  to  their  depressions,  it  may 
obey  in  all  respects.  And  it  is  perforated  with  pores,  in  order  that  it 
may  complete  the  passages,  and  [give  egress  to]  the  perspirations. 

(rn)  Our  anatomists  have  discovered  by  menus  of  the  microscope, 
that  the  cuticle  not  only  adheres  to  the  subjacent  corpus  retieulare 
Malpighii,  but  also,  inasmuch  as  the  latter  is  firmly  connected  to  the 
papillary  cutis,  that  the  cuticle  is  continuous  with  the  cutis  not  merely 
by  the  mediation  of  the  corpus  retieulare,  but  immediately  also  ;  as 
observed  by  Malpighi  and  Ruysch.  And  in  fact,  even  with  the  glandular 
substance;  for  the  sudoriferous  passages  or  vessels  arising  from  the 
glands,  perforate  the  cuticle ;  and  their  external  orifices  receive  from  it 
a  singularly  fiue  coating ;  according  to  the  declaration  of  Winslow. 
"  H"  says  he,  "  we  narrowly  examine  the  little  pores  or  holes  through 
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from  bpth  the  proximate  substances  and  the  more  remote.  For 
nature  observes  it  as  a  uniYersal  law,  in  the  forms  of  her  forces 
and  of  the  substances  flowing  therefrom,  that  the  parts  shall 
construct  their  general,  and  bring  it  forth  from  their  own 
body  (n).  And  this  is  the  reason,  that  when  the  epidermis  is 
removed,  burnt  away,  corroded,  or  taken  oflF  by  cataplasms 
and  blisters,  it  is  reproduced  ahnost  as  speedily  as  destroyed  (o). 

which  the  sweat  passes^  the  epidermis  will  be  seen  to  enter  them,  in 
order  to  complete  the  excretory  tubes  of  the  cutaneous  glands"  (n.  477) • 
The  cuticle  also  communicates  very  manifestly  with  the  layers  of  fat ; 
for  the  roots  of  the  hairs,  springing  therefrom  in  the  form  of  bulbs, 
pass  afterwards  through  the  epidermis  and  beyond  it ;  and  receive  fron^ 
it  a  kind  of  fine  bark.  "The  fossulce  of  the  hairs,"  says  Winslow, 
"  are  also  furnished  with  .  .  •  elongations  of  epidermis ;  and  even  the 
hairs  themselves  appear  to  receive  from  it  a  species  of  bark"  (n.  477). 
From  these  considerations  it  is  perfectly  dear,  that  the  cuticle  is  formed 
and  produced  by  the  several  layers  under  it ;  and  this,  not  only  by  the 
mediation  of  the  corpus  reticulare,  but  immediately  also ;  wherefore  it 
is  dependent  upon  all ;  the  dependence,  in  each  case,  being  determined 
by  the  mode  in  which  it  is  connected  with  each.  This  is  the  reason 
why  the  cuticle  was  considered  by  the  ancients  as  an  efflorescence  of 
the  cutis.     See  also  note  (o),  further  on. 

(n)  It  is  a  perpetual  law  of  nature,  that  her  parts  themselves  form 
and  acquire  their  general,  that  is,  clothe  themselves  with  a  general  or 
conunon  coat ;  and  this,  in  order  that  they  may  constitute  a  distinct 
and  self-subsisting  substance.  Thus  the  parts  of  the  cerebrum,  namely, 
the  cortical  substances,  surround  themselves  with  the  pia  mater;  the 
vbcera  of  the  thorax,  with  the  pleura ;  the  viscera  of  the  abdomen, 
with  the  peritonseum ;  every  member  and  organ,  with  its  own  covering ; 
the  fibres  and  bundles  of  fibres,  with  their  own  proper  membrane  :  and 
what  is  more,  the  same  b  the  case  with  all  modifications  and  sensations, 
which  as  they  creep  up  through  the  nerves  to  the  cerebrum,  like  parts, 
form  their  general ;  as  will  be  shewn  in  the  sequel.  For  the  general  is 
in  a  manner  the  limit  and  bond  that  terminates  the  sphere  of  action  of 
the  parts ;  but  without  a  fetter  of  the  kind  the  parts  could  neither 
maintain  their  form,  nor  preserve  their  connexions,  nor  act  within 
bounds.  Respecting  the  meaning  of  the  term,  a  general,  see  Part  I., 
the  Chapter  on  the  Peritonaeum,  p.  491,  492,  n.  316,  aeqq. 

(o)  On  this  subject  Winslow  says :  "  [The]  reproduction  [of  the 
cuticle]  is  evident,  sudden  and  surprising,  in  that  it  grows  again,  hpw- 
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490.  II.  The  cuticle  maintmns  the  ctmnejrioM  qf  the  parts 
epread  under  it ;  for  it  bears  or  embodies  the  ultinuite  ends  of 
all,  and  as  we  said  before,  derives  its  own  from  all  the  subjacent 
lamellae;  hence  it  senres  for  a  common  bond,  or  for  as  many 
bonds  as  there  are  scales ;  that  is  to  saj,  as  there  are  particular 
and  distinct  modes  of  operation  exerted  under  it  (/>).  It  9U$* 
tam$  their  changes  of  state,  which  are  innumerable,  and  are 
brought  to  a  termination  or  rest  in  the  ultimate  sphere;  as 
innumerable,  indeed,  as  the  desires  that  affect  the  rational 
mind,  the  passions  that  affect  the  animal  mind^  and  the 
pleasures  that  affect  the  blood  or  the  body ;  or  their  contraries, 
in  the  shape  of  aversions,  sorrows,  and  diseases :  for  by  these 
causes  we  are  softened,  hardened,  warmed,  set  trembling, 
benumbed,  expanded,  contracted;  by  these  causes  the  pores 
are  relaxed  or  constricted;  the  fibres,  vessels,  papillae  and 
glands  open  or  close  their  passages ;  and  the  little  skins  confine 
or  excuss  their  showers,  vapors,  and  sweats  {q).    To  enable  the 

ever  often  it  is  destroyed.  .  .  .  Hard  and  reiterated  friction  detaches  it 
more  or  less  imperceptibly,  and  presently  afterwards  a  new  portion  or 
layer  is  produced*  which  lifts  up  the  former  layer,  and  this  happens 
again  and  again.  .  .  .  The  epidermis  adheres  very  closely  to  the  cuta- 
neous papillae ;  from  which  it  may  be  separated  by  boiUng  water,  or 
...  by  maceration  for  some  time  in  cold  water.  ...  It  adheres  still 
more  closely  to  the  corpus  reticulare,  which  is  easily  raised  or  detached 
along  with  it,  so  that  the  one  seems  to  be  a  true  portion  or  continuation 
of  the  other''  (n.  477). 

{p)  If  we  consider  the  miniature  actions  of  the  subjacent  layers 
upon  the  cuticle,  it  will  be  evident,  that  the  latter  cannot  be  divided  in 
any  other  manner  than  into  scales,  if  the  uses  of  all  those  layers  are 
to  be  received  and  completed  by  it,  or  the  distinct  modes  of  all  their 
operations  sustained.  For  the  papillary  forms  extend  at  one  time,  and 
contract  at  another:  the  cuticle  yields  to  them  when  extended,  and 
runs  up  to  them  when  contracted :  and  in  like  manner  adapts  itself  to 
the  glandular  and  other  forms.  There  is  not  the  same  action  in  the 
papiUee  as  in  the  ^ands ;  nor  [in  the  papillae]  does  the  same  quantity 
of  fibres  act  either  simultaneously  or  successively  jopm  the  little 
scales,  &c.  <'^  »" 

(9)  It  is  of  the  greatest  importance  to  consider  the  causes,  and 
from  the  causes,  the  effects,  of  the  changes  in  the  extremes  of  the  body ; 
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epidermis  to  sustain  and  regulate  these  changes  of  state^  and 
periodic  disturbances  of  condition^  it  is  so  constructed  of  scales 
and  fastenings^  as  to  render  it  capable  of  immense  dilatation, 
consequently  of  yielding  to  the  active  parts,  and  giving  a  loose 
rein  to  their  spirits  and  forces,  but  still  nevertheless  of  reacting 
with  a  certain  amount  of  elasticity  (r),  of  breaking  shocks,  con- 
tracting the  pores,  shutting  them  up  with  valves,  and  thus 
opposing  its  powers  to  the  powers  of  all  things  acting  upon  it ; 
for  it  has  in  it  reactive  force,  nay  true  reaction,  because  it  is 
united  to  all  the  parts;  and  it  has  cooperation,  because  it  is  in- 
sinuated into  the  windings  and  furrows,  and  even  into  the  little 
Ups  of  the  foramina.  Thsua  the  cuticle  also  impels  the  parts  spread 
under  it  to  perform  their  offices  aright. 

491.    III.  Like  a  coat  of  mail,   constructed  of  wonderful 

scales,  folds  and  joints,  the   cuticle  protects  and  defends  the 

sensitive,  soft  and  agile  tunics  that  it  covers  in,  against  w^ury 

from  the  surrounding  air,  against  its  heat,  cold,  perturbations, 

[and  various  conditions  not  in  agreement  with  the  state  of  the 

of  the  circumstances,  namely,  that  the  sudoriferous  and  perspiratory 
passages  are  at  one  time  opened,  at  another  time  stopped  up.  For 
sometimes  an  immense  body  of  effluvia  is  exhaled,  while  at  other  times 
all  the  lesser  passages  are  closed  over,  so  that  not  the  smallest  portion 
of  moistmre  can  be  transmitted :  and  hence  maladies,  both  of  the  body 
and  of  the  animal  and  rational  minds,  and  the  actual  commencement  of 
diseases.  The  microcosm  is  not  unlike  the  macrocosm,  whidi  at  one 
time  distends  itself  with  vapors,  at  another  time  condenses  them  into 
donds,  and  dissolves  them  in  showers ;  while  at  another  time  again  it 
rejects  all  moisture,  and  will  not  impregnate  itself  with  the  least  vapor. 
But  the  causes  by  no  means  lie  so  deep  that  it  is  impossible  to  explore 
them ;  although  their  number  and  variety  b  too  great  to  allow  us  to 
expatiate  into  that  field  at  present. 

(r)  Our  authors  agree  with  us  in  stating  that  this  membrane  is 
elastic,  for  the  scales  are  found  to  consist  of  a  material  intermediate 
between  membrane  and  horn,  and  which  is  pliant  and  flexible,  and 
relapses  at  the  first  opportunity  into  its  own  place  and  condition,  being 
also  drawn  back  thereto  by  the  papillae  and  glands  to  which  it  is  adhe- 
rent. If  it  be  elastic,  it  follows,  that  it  also  reacts  with  a  force  corre- 
sponding to  the  action,  which  force  indeed  is  slight  in  the  parts  taken 
singly,  but  considerable  in  all  when  connected  together. 
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body ;]  and  moreover  against  the  rough  and  stinging  particles  of 
Us  vapors^  and  of  different  fluids.  This  is  evident  from  the 
acuteness  of  the  sense  wherever  the  cuticle  is  thin ;  from  its 
exquisite  delicacy  in  little  children^  and  effeminate  and  fSsdr 
persons;  and  from  its  painful  character  in  places  where  the 
cuticle  is  removed  by  scalds^  bums^  wounds^  suppuration^  or 
blisters^  or  where  it  is  unduly  attenuated  or  stretched ;  for  in 
these  subjects^  or  in  these  places^  the  papillary  cutis  is  relatively 
naked^  and  twinges^  roughens  or  shudders^  at  the  least  breath 
of  air^  or  touch  of  cold^  heat^  or  saline  particles :  but  the  con- 
trary where  the  cuticle  is  so  dense  and  made  up  of  so  many 
laminffi  as  to  render  it  callous.  Therefore  in  order  that  the 
fiery  rayB  of  the  [tropical]  sun  may  not  scorch  and  bake  the 
papillary  fibres^  but  may  be  absorbed  on  the  way^  the  epider- 
mis as  weU  as  the  reticulum  are  black  in  the  Ethiopian  or  negro; 
and  in  order  that  the  mitigated  rays  of  temperate  climates  may 
sooth  and  excite  the  papillary  fibres^  the  above  parts  are  trans- 
parent in  the  European.  Thus  the  cuticle  springs  up^  thickens, 
thins  and  alters  in  exact  correspondence  to  use ;  as  exemplified 
in  the  homy  hands  of  the  laborer,  in  the  naked  feet  of  the 
pedlar,  and  in  the  fingers  of  the  blind,  who  perceive  by  touch 
what  is  denied  to  sight  {s).    And  the  cuticle  takes  upon  itseff  in 

(s)  The  epidermis  and  the  subjacent  reticular  tunic  are  declared  by 
Heister  to  be  black  in  the  Ethiopian  or  negro,  at  the  same  time  that 
the  papillaiy  cutis,  and  the  layers  spread  under  it,  are  white.  "  See 
Ruysch's  most  recent  observations,''  says  he,  "  upon  this  subject,  in 
his  Advers.  Anat.,  dec.  iii.,  n.  8.  That  author  has  sent  me,  in  spirit, 
a  piece  of  the  skin  of  a  negro,  with  the  cuticle  partially  separated  from 
it,  and  hanging  down.  In  this  piece  the  cutis  is  perfectly  white,  as  in 
Europeans :  the  outer  sur&ce  of  the  cuticle  is  black,  but  the  inner  sur- 
fiice,  where  the  reticulum  is  seen,  b  very  black  indeed.  It  is  plain 
from  this,  that  the  corpus  reticulare  is  the  principal  seat  of  the  black- 
ness in  these  cases.  Santorinus  shews  the  same  in  his  Obs.  Anat,, 
p.  2.**  (Con^.  Anat.,  n.  197,  not.  a).  The  cuticle  is  transparent 
in  Europeans;  see  Winslow,  n.  477.  Black,  as  we  all  know,  does 
not  transmit  the  solar  rays,  but  intercepts,  absorbs,  and  extinguishes 
them  in  all  sorts  of  irr^ular  and  obscuring  crypts  or  little  caverns,  and 
thus  prevents  the  scorching  beams  from  falling  directly  upon  the  fibres 
and  papiUse,  and  baking  and  burning  them,  so  as  to  impair  their  acti- 
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the  first  instance  the  changes  to  which  these  will  give  rise  in  the 
body,  tempers  them,  ar^  tends  to  break  their  force.  For  the 
scale  is  intermediate  in  character  between  membrane  and  horn, 
passive^  inert^  superadded  and  growing  in  the  way  of  a  cover- 
ing to  the  subjacent  papillary  tunic^  which  is  active^  living, 
and  sensitive ;  it  yields  to  the  latter  when  expanded^  runs  up  to 
it  when  retracted^  and  is  entirely  at  its  bidding.  Perhaps  the 
cuticle  even  assumes  a  certain  interior^  but  obscure^  change  of 
statCj  in  common  with  the  strata  underneath  it  (/). 

492.  lY.  The  cuticle  institutes  the  proximate  communications 
between  the  circumambient  world,  and  the  corporeal  world  that  ii 
encloses;  that  is  to  say,  it  admits  from  the  air  and  ether  com- 

vity,  and  blunt  their  feeling.  In  this  way  the  fibrils  are  protected  from 
heat  in  the  most  careM  manner.  The  case  is  different  in  Europeans, 
in  whom  if  the  rays  did  not  pass  from  the  cuticle  to  the  cutis,  soothing 
the  papillae  and  rousing  them  to  life,  the  skin  would  soon  become 
senseless ;  particularly  in  cold  weather,  at  which  time  a  further  provi- 
sion is  made  for  the  cutb,  by  the  little  rugse  and  tuberosities  into  which 
it  is  contracted.  Thus  use  not  only  adapts  and  builds  for  itself  fabrics, 
but  also  conditions  them,  alters  them,  and  takes  the  greatest  care  that 
effects  shall  not  fall  short  of  ends.  Nor  is  there  any  objection  to  con- 
aider  the  heat  as  having  some  share  in  causing  the  blackness ;  yet  that 
there  is  a  cooperation  between  that  heat  and  causes  in  the  body,  b 
plain  from  the  circumstance,  that  the  color  is  deepest  in  the  part  that 
looks  inwards,  as  well  as  from  the  black  children  bom  of  n^roes  in 
northern  climates ;  and  also  from  the  condensation  of  the  cuticle  in 
laborers  and  artisans,  whereby  they  are  enabled  to  go  through  their 
work  and  handle  their  tools  without  too  acute  sensation :  likewise  fhun 
its  increased  tlmmess  and  acumen  in  the  blind,  &c. 

{t)  Throu^out  nature  passive  is  associated  with  active ;  and  this, 
in  order  that  the  passiye  may  break  and  limit  the  forces  of  the  active 
body :  otherwise  powers  would  not  be  bounded,  they  would  have  no 
sphere^  and  hence  no  form  of  which  quality  is  predicable.  From  the 
conneidon  of  the  parts,  there  is  room  to  conjecture  that  the  cuticular 
scales  even  undergo  a  change,  although  of  an  obscure  kind,  in  company 
and  in  correspondence  with  the  papillae^  for  they  sustain  the  ends  oi 
the  fibres,  and  as  we  before  pointed  out,  complete  the  uses  and  effects ; 
and  if  this  be  the  case»  it  follows  that  there  is  nothing  whatever  in  the 
papillae  but  has  something  corresponding  to  it  in  the  scales  of  the  epi- 
dermis and  subjacent  reticulum. 
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paratwely  pure,  simple  elements,  which  are  in  harmony  with  the 
natural  state,  and  sends  them  doum,  as  new  aliment,  into  passages 
that  lead  to  the  blood.  This  is  confirmed  by  an  abundance  of 
phenomena :  as  1.  The  state  of  the  cuticle^  which  is  sometimes 
so  parched  and  thirsty^  that  the  moisture,  liquids,  and  oils  that 
come  to  it,  are  dried  up  spontaneously,  (for  instance,  in  the 
palms  of  the  hands,  as  shewn  by  the  feel,)  the  sweats  are  re* 
absorbed,  and  effluvia  imbibed  in  large  quantities.  2.  Pesti- 
ferous, venereal,  febrile  contagions,  poisonous  breath,  deadly 
localities,  unhealthy  breezes;  mercury,  spirits,  and  the  like, 
which  come  up  into  the  blood  by  this  channel,  and  infect  it. 
3.  The  liquor  amnii  by  which  the  foetus  appears  to  be  nourished 
for  months.  4.  Numerous  recorded  cases  of  asitia  and  adipsia; 
that  is  to  say,  of  abstinence  from  meat  and  drink  for  weeks, 
months  and  years.  5.  Sleep,  cataphora,  cams,  and  even  ecsta- 
sis  and  catalepsy,  which  feed  the  blood  and  spirit  with  occult 
and  atmospheric  food.  Also  inebriation,  stupor,  exhilaration, 
itching,  anxiety,  and  swooning,  occasioned  by  mere  effluvia. 
6.  The  well-known  phenomena  of  a  similar  kind,  occurring  in 
bears,  vipers,  frogs,  balm  crickets,  marmots,  land  tortoises, 
snails,  crocodiles,  ostriches,  chameleons,  and  other  creatures  {u), 
which  live  for  a  long  time  without  food.  7.  The  universal  vege- 
table kingdom,  which  is  nourished  and  supported  almost  aa 
much  by  the  air  as  by  its  mother  earth.  And  with  small  dif- 
ference, the  mineral  kingdom.  8.  Nay,  what  is  astonishing, 
and  one  of  nature^s  mysteries,  only  such  kinds  of  elements  are 
attracted  frxmi  the  fostering  air,  as  are  suitable,  and  will  mi- 
nister to  the  wants  of  each  individual :  proving  that  the  world 
is  bound  to  employ  all  its  abundance  and  riches  in  nourishing 
its  kingdoms,  and  their  several  subjects,  according  to  the 
nature,  desire,  and  appetency  of  each.  Our  cuticle  opens  the 
first  doors  for  these  gifts  of  the  world  to  enter,  and  the  papilla 
in  connexion  with  it  imdemeath  enjoys  the  most  exquisite  per- 
ception of  congruous  and  incongruous,  and  of  whether  objects 
deserve  to  be  taken  inwards  (a?). 

(«)  The  leader  will  $iid  this  subject  treated  in  Part  II.,  the  Chapter 
on  the  Lungs,  p.  188,  n.  406,  and  note  (0- 

(x)  The  fibre  fidthfully  announces  to  the  principles  in  the  oerelmun 
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493.  On  the  other  handy  the  cuticle  sends  out  obsolete  volumes 
of  effluvia,  and  sweats  consisting  of  useless  lymph,  brine,  and 
rancid  fat,  and  disperses  them  into  the  contiguous  air.  This  is 
plain  from  the  continual  expiration  of  sweats  or  vapors :  from 
the  dirt  that  is  constantly  sticking  to  this  coat^  and  comes  out 
afresh^  howeyer  often  it  is  cleansed  away :  from  the  Sanctoiian 
perspiration^  as  varying  in  its  estimated  quantity  in  different 
subjects^  according  to  temperament^  climate,  the  seasons  of  the 
year,  and  the  times  of  the  day ;  and  fit)m  its  retention  in  va- 
rious diseases :  from  the  immense  number  of  pores  displayed 
by  the  microscope ;  and  their  origin  and  continuation  from  the 
papiUse,  the  glands,  the  arteries,  the  veins,  and  the  fat :  from 
the  perpetual  vibration  and  respiration  of  the  parts ;  and  the 
perpetual  ejection  of  obsolete  materials  to  the  ultimate  boun- 
daries :  for  in  this  manner  the  health  is  carefiiUy  kept  in  view 
in  all  the  extreme  points  of  the  body,  at  every  moment  of 
time  (y).  Wherefore  the  cuticle  may  deservedly  be  considered 
as  the  most  general  excretory  or  exsudatory  of  the  body. 

and  cerebellum  what  befalls  and  happens  in  the  extremes^  and  thus  in- 
structed^ desires  and  imbibes  whatever  is  suitable,  and  loathes  and 
rejects  whatever  is  unsuitable.  (Part  I.,  p.  138,  139,  n.  106,  (A,  »,  k)  ; 
p.  206,  207,  n.  156,  (A,  t,  k)  ;  p.  207,  208,  n.  157,  (0 ;  p.  222,  223, 
n.  170,  (c) ;  p.  242,  n.  185.)  So  also  in  this  ultimate  sphere,  where  the 
fibril  puts  itself  forth  under  the  epidermis,  on  which  also  the  extremities 
of  the  tubules  open.  The  case  is  the  same  with  the  fibre  as  with  the 
tongue,  which  desires,  loathes,  attracts,  rejects:  whatever  the  latter 
possesses  in  the  general,  it  derives  from  its  parts ;  and  these,  from  their 
very  singulars  or  fibres,  which  have  a  mutual  correspondence  with  the 
substances  of  the  brain.  But  we  are  not  made  conscious  of  all  touches ; 
for  example,  we  have  no  apprehension  of  those  that  are  purer  than  the 
sense  we  can  bring  to  bear,  and  the  affections  of  which  are  not  conveyed 
by  the  fibre  to  the  cerebrum,  but  to  the  cerebellum ;  as  those  that  occur 
in  the  stomach  and  intestines,  and,  in  a  word,  in  the  viscera  enclosed  in 
the  abdomen  and  thorax. 

(y)  I  consider  it  superfluous  to  add  anything  more  to  this  enume- 
ration besides  the  particulars  prefixed  to  the  Chapter.  The  reader  may, 
therefore,  consult  Leeuwenhoek,  n.  478 ;  Boerhaave,  n.  479 ;  and  the 
other  authors  who  have  illustrated  the  subject  by  their  admirable 
observations. 
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494.  V.  The  cuticle  puts  toffether  the  primal  singular  modes 
of  sensation  of  the  fibrilla  and  papilla,  into  a  kind  of  common 
mode  that  is  termed  the  sense  of  touch.  For  the  papillary  villi 
arising  at  once  from  the  fibres  and  ends  of  the  vessels^  are  so 
nearly  contiguous^  and  lean  so  closely  upon  each  other^  as 
apparently  to  form  a  continuous  forest  or  congeries :  these  con- 
stitute the  sensorium  of  touch;  and  place  themselves  in  distinct 
bundles  under  the  little  insensible  scales  of  the  epidermis^  as 
their  proper  bonds  or  standards  {z).  Each  of  the  villi  has  its 
point  of  most  acute  sensation ;  but  the  epidermis  puts  them  all 
together  in  groups  under  its  little  scales^  and  so  gives  rise  to  an 
aggregate  and  as  it  were  sum  of  the  sensitive  points  or  acumina, 
which  is  termed  the  sense  of  touchy  and  which  is  obtuse  in 
proportion  as  it  is  general^  that  is  to  say^  formed  of  larger 
numbers  of  such  points  combined.  Hence  it  is^  that  when  this 
sensitive  villosity  is  naked  or  uncovered^  it  is  exquisitely  pained 
by  a  touch  from  the  minutest  spicula  of  any  salt  (a) ;  and  hence 
this  sense  is  more  acute  in  those  parts  that  are  covered  by  thin 
membranes,  instead  of  scales;  as  in  the  lips,  the  cheeks,  the 
palate,  the  tongue,  the  nasal  cavities,  &c.  And  hence  the 
epidermis  regulates,  sharpens  and  blunts  the  sense  of  touch,  so  as 
exactly  to  produce  the  varieties  that  nature  requires  of  it  in  the 
different  parts  of  the  body :  to  wit,  by  producing  and  applying 
scales  of  various  thinness,  hardness,  and  extent,  of  greater  or 
lesser  elasticity,  and  of  different  substance,  membranous,  ten. 
dinous,  or  horny.  But  it  is  time  to  pass  from  the  epidermis  or 
cuticle  to  the  second  tunic,  namely,  the  corpus  reticulare 
Malpighii. 

495.  Description: — ^The  corpus  reticulars  Malpiohii, 
or  reticulum  cutaneum   [rete  mucosum],  spread  immediately 

(z)  We  shall  have  to  treat  of  this  subject  presently,  when  we  come 
to  speak  of  the  papillary  substance,  or  specifically  of  the  Sensorium  and 
Sense  of  Touch.  The  thin  tmiics  of  which  we  are  now  treating  have 
no  feeling  of  themselves,  because  their  fibres  are  determined  into  such  a 
form  as  to  represent,  not  a  liring,  but  a  dead  force ;  a  force  not  active, 
but  intrinsically  inert.  Wherefore  it  was  stated,  that  these  thin  tunics 
are  assigned  and  associated  to  those  under  them,  as  passive  forces  are 
wont  to  be  to  their  actives. 

(a)  On  this  subject,  see  above,  n.  491. 
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under  the  epidermis,  and  connected  and  attached  by  the  inter- 
vention of  filaments  to  the  inner  snrface  or  peridemis  of  its 
lamellse,  is  seen  to  consist  of  a  kind  of  softish  mucous  substance, 
being  produced  from  the  ultimate  capilli  of  the  vessels  (A).  This 
membrane,  thick  in  some  parts,  thin  in  others,  various  every- 
where, is  most  conspicuous  in  the  palms  of  the  hands,  in  the 
fingers,  in  the  soles  of  the  feet,  in  the  face,  and  last  not  least, 
in  the  tongue.  Its  color  is  determined  by  the  varying  incidence, 
direct  or  obUque,  of  the  meridian  rays  of  the  sun,  and  by 
the  nature  and  character  of  the  blood ;  and  accordingly  the 
reticulum  may  be  either  black,  brown,  chesnut,  swarthy,  or 
white.  It  is  full  of  foramina  or  apertures,  that  give  transmis- 
sion to  papillae,  ducts,  emissary  vessels,  other  vessels,  and  hairs. 

496.  Uses  : — ^The  corpus  reticulare,  I.  Serves  as  a  basis 
and  support  to  the  cuticle.  Also  as  a  link  and  instrument  of 
union  between  the  cuticle  and  the  papillary  substance,  the 
glands,  the  vessels,  the  fat,  and  in  fine,  all  the  subjacent  parts. 
Thus  as  a  mediating  organ,  and  as  an  organ  for  transferring  the 
modes,  actions,  feelings  and  changes  of  the  above  parts,  to  the 
scales  of  the  epidenms ;  and  from  these  scales,  on  the.  other 
hand,  to  those  parts.  II.  It  sustains,  strengthens  and  balances 
the  subjacent  parts  of  the  cutis.  III.  It  gathers  together  scat- 
tered parts,  bridges  them  over,  gives  them  distinctness,  reduces 
them  to  form :  thus  it  causes  everything  to  refer  itself  to  a  general; 
to  proceed  in  successive  series;  to  flow  backwards  and  forwards  in 
a  certain  gyre ;  and  to  conspire  and  tend  incessantly  to  equilib- 
rium and  rest.  Let  us  now  consider  each  of  these  uses  separately. 

497.  I.  The  corpus  reticulare  serves  as  a  basis  and  support 
to  the  cuticle.  For  the  cuticle,  discriminated  into  parts,  lies 
upon  the  corpus  reticulare  as  a  kind  of  continuous  plane,  and 
is  connected  and  adherent  thereto  (c).    //  also  serves  as  a  link 

(b)  In  order  to  explore  the  uses  of  the  corpus  reticulare,  it  is  ne- 
cessary to  enquire  carefully  into  its  origin  and  connexions :  the  latter 
particularly  are  the  means  by  which  to  judge  of  its  function.  Our 
authors  differ  some  little  about  the  origin  of  both  the  corpus  reticulare 
and  the  cuticle,  but  nevertheless  in  the  main  they  agree.  But  I  shall  en* 
deavor  to  unfold  and  explain  these  points  distinctly  in  what  now  follows. 

(c)  Respecting  the  continuation  and  adhesion  of  the  reticulum  cu- 
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and  mgtrument  of  tman  between  the  cuticle  and  the  papiOary  sub- 
stance, the  glands,  the  vessels,  the  fai,  and  in  fine,  all  the  sub- 
jacent parts,  by  means  of  the  pores,  ducts  and  villi;  as  weD  as 
by  means  of  the  vessels  that  arise  from  the  subcutaneous  arte- 
ries, and  form  a  sanguineous  plexus  imder  this  corpus  reticulare, 
and  by  their  fine  terminal  branches  construct  the  substance 
thereof,  as  well  as  the  continuous  substance  of  the  epidermis : 
by  these  structures  the  reticulum  is  united  to  all  the  little  parts 
spread  under  it{d);  and  thus  serves  as  a  mediating  organj  and 


taneum  to  the  scales  of  the  epidermis,  Heister  says  :  ''  It  [the  reticu- 
lum] lies  immediately  under  the  cuticle,  and  when  the  latter  is  brought 
away  from  the  cutis^  either  by  artificial  means  or  by  accident,  the 
reticulum  adheres  so  very  firmly  to  it,  that  a  separation  of  the  two 
becomes  almost  impossible,  the  reticulum  seeming  to  be  nothing  more 
than  the  inner  surface  of  the  cuticle**  (n.  471).  The  excessive  black- 
ness of  the  reticulum,  and  likewise  of  the  inferior  surface  of  the  scales 
of  the  cutide,  affords  ground  to  conjecture,  that  the  substance  of  the 
former  passes  by  continuity  into  the  peridemis  or  inferior  lamella  of  the 
scales.  *' It  [the  reticulum],*'  says  Heister^  ''is  of  a  white  color  in 
the  European ;  but  deep  black  (although  the  cutis  is  perfectly  white)  in 
the  Ethiopian"  (n.  471).  And  again,  ''The  outer  surface  of  the 
cuticle  is  black,  but  the  inner  surface,  where  the  reticulum  is  seen,  is 
very  black  indeed."  (Comp.  Jnat.,  n.  197,  not.  a.) 

(d)  In  order  to  arrive  at  the  use  of  the  reticulum  cutaneum,  before 
we  leave  the  present  threshold  and  proceed  further  into  consequences, 
we  must  by  all  means  enquire,  and  if  anatomy  countenances  the  ideas 
suggested  by  an  intuitive  view  of  relations,  we  must  explore,  what  the 
connexion  is,  not  only  between  the  reticulum  and  the  scales  of  the 
cuticle,  but  also  between  it  and  the  papillae,  or  the  cutis  spread  under 
it.  We  treated  of  its  connexion  with  the  cuticle  in  note  (c),  but  its 
connexion  with  the  papillary  and  glandular  cutis,  and  the  particular 
nature  of  that  connexion,  still  remain  to  be  considered.  We  must 
know  both,  before  we  can  have  a  clear  view  of  the  relation  of  the  one 
to  the  other.  It  is  indeed  plain  from  observations,  that  the  cuticle  is 
connected  to  the  papillae  as  well  as  to  the  corpus  reticulare ;  as  shewn 
by  those  great  observers,  Malpighi,  Ruysch,  and  Winslow.  Thus  ac- 
cording to  Malpighi :  "  The  corpus  reticulare  is  a  membranous  expan- 
sion, intermediate  in  a  manner  between  the  cutis  and  the  cuticle ;  in 
short,  made  up  of  fibres  running  out  through  the  exterior  parts  of  the 
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as  an  organ  for  transferring  the  modes,  actions,  feelings  and 
changes  of  the  above  parts,  to  the  scales  of  the  epidermis ;  and 

cutis."'*  In  the  words  of  Ruysch:  "The  epidermis,  proceeding  from  the 
extremities  of  the  cutaneous  papilke,  in  due  time  recedes  from  the  corpus 
reticulare,  or  together  with  it,  from  the  cutis  vera,  ...  as  the  new  epi- 
dermis grows  up."  (Thes.  Anat.  iii.,  n.  13,  not.  2.)  And  according  to 
Winslow:  "The  epidermis  adheres  very  closely  to  the  cutaneous  papillae ; 
from  which  it  may  he  separated  hy  hoiling  water,  or  .  .  .  hy  maceration 
for  some  time  in  cold  water. ...  It  adheres  still  more  closely  to  the  corpus 
reticulare^  which  is  easily  raised  or  detached  along  with  it,  so  that  the 
one  seems  to  he  a  true  portion  or  continuation  of  the  other''  (n.  477). 
Yet  still  it  does  not  appear  from  these  data,  what  immediate  communi- 
cation there  is  between  the  corpus  reticulare  and  the  papillary  cutis ; 
although  it  is  perfectly  clear,  that  not  only  the  cuticle,  but  also  the 
reticulum  Malpighianum,  exists,  subsists,  and  is  reproduced  from  the 
underlying  substances  of  the  cutis.  Pores,  tubules,  and  hairs  indeed 
do  peHbrate  this  reticular  membrane,  and  in  passing  through  it,  send 
and  put  into  it  some  stamina  and  vessels :  but  whether  these  can  supply 
a  sufficient  quantity  of  nutritious  fluid  to  serve  for  its  constantly  fresh 
production  and  reproduction,  is  a  subject  for  further  enquiry ;  wherefore 
in  the  absence  of  the  light  of  experience  we  must  have  recourse  to  the 
most  probable  conjectures,  yet  to  sudi  as  experience  seems  in  some 
measure  to  countenance.  J.  Fantonus  asserts,  that  not  only  is  there  a 
plexus  of  blood-vessels  spread  under  the  papillary  cutis,  but  also  that 
another  plexus  arising  from  the  former  one,  and  emerging  through  the 
cutis,  is  spread  upon  its  upper  surface.  His  words  are :  "  We  see  with 
a  powerfrd  microscope  little  branches  of  vessels  disposed  in  a  wonderfrd 
manner  [upon  the  cutis,  or,  as  he  says,]  in  the  cutide,  ...  as  observed 
by  Alexander  PascoU."  (Anat.  Corp.  Hum.,  pars  i.,  dissert,  ii.,  De 
Communibus  Felamentis,  p.  22;  4to.  Aug.  Taurin.,  1711.)  And 
ITHnslow  says :  "  In  inflammations  we  observe  naturally  a  peculiar  net- 
work of  capillary  vessels,  more  or  less  extended  on  the  surface  of  the 
cutis ;  and  minute  anatomists  clearly  demonstrate  the  same  thing  by 
their  fine  injections,  which  may  be  looked  upon  as  artificial  inflamma- 
tions" (n.  474).  Ruysch  also  has  detected  the  same  plexus  by  inject- 
ing the  cutaneous  vessels  with  wax.  (Thes.  Anat.  ix.,  n.  27 ;  x.,  n.  2.) 
We  have  several  reasons  for  beUeving  that  the  corpus  reticulare  mainly 

*  I  cannot  find  this  citation  in  Malpighi's  Works,  but  the  following  words  occur 
in  his  Epistolary  Dissertation  Be  Brtemo  Tdetut  Orgeno,  p.  28 ;  foL,  Londini, 
1687 :  "  Not  seldom  I  haTe  obsenred  a  kind  of  rete  formed  bj  fibres  running  out 
tiirough  the  exterior  part  of  the  cutis."    (IV.J 
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from  these  scales^  on  the  other  hand,  to  those  parts.  From  which 
propositions  we  plainly  see  how  both  the  reticulum  and  the  cuticle 

originates  from  this  sangmneous  plexus,  particolarlj  in  the  little  mouths 
of  the  ducts  and  pores,  where  the  vascular  ramifications  come  up  from 
the  inferior  into  the  superior  plexus ;  for  not  only  does  this  plexus  lie 
close  under  the  corpus  reticulare,  and  not  only  is  it  enabled  to  insert  its 
ends  immediately  thereinto ;  but  what  is  most  to  the  point,  the  corpus 
reticulare  as  well  as  the  epidermis  are  comparatively  inert  substances, 
which  shews  that  they  are  the  ultimate  goals  of  vessels,  and  not  of 
fibres ;  for  the  membranes,  both  particular  and  general,  all  over  the  body, 
are  nothing  more  than  expanded  vascular  webs,  although  the  vessels 
composing  them  split  and  subdivide  so  far,  that  they  become  too  small 
to  admit  the  red  blood,  gr  any  gross  tincture  or  color,  unless  intruded 
by  force,  or  infiamed  by  intrinsic  causes,  and  thus  driven  in :  as  we 
observed  in  the  Chapter  on  the  Kidneys,  Part  I.,  p.  441,  n.  289  (a)  ; 
and  in  many  other  places.  This  is  also  shewn  by  Winslow,  where  he 
says :  **  It  is  more  probable  that  this  vascular  texture  is  a  continuation 
or  production  of  the  finest  capillaries  of  the  arteries  and  veins,  which  in 
the  natural  state  only  allow  of  the  transmission  of  the  serous  or  lym- 
phatic part  of  the  blood,  while  the  red  part  continues  its  course  through 
the  wider  ramifications,  which  more  properly  have  the  name  of  blood- 
vessels'*  (n.  474).  For  this  reason  it  is,  that  the  finer  the  wax  or  in- 
jection that  is  used,  the  more  stamina  of  the  kind  are  penetrated  and 
filled,  until  at  length  there  is  scarcely  one,  however  small,  in  the  whole 
membrane,  that  is  not  distended,  so  as  to  look  like  a  blood-vessel. 
Wherefore  Leenwenhoek  says  on  the  same  subject :  "  These  vessels, 
which  perforate  the  surface  of  the  skin  in  vast  numbers,  and  are  covered 
over  with  a  kind  of  httle  scale,  are  so  large,  that  their  diameter  is  three 
times  that  of  their  mouths  or  orifices.  But  when  placed  under  the 
microscope,  they  are  generally  seen  folded  together,  just  as  the  blood- 
vessels in  the  flesh  of  animals  are  found  to  collapse  when  emptied  of 
blood.  Hence  it  is,  that  out  of  five  and  twenty  such  vessels  ...  we 
can  scarcely  find  a  single  one  that  seems  pervious  to  the  sight** 
(n.  478).  From  this  ground  it  is  that  the  reticular  or  Malpighian  web 
derives  its  soft  and  seemingly  mucous  character.  See  above,  n.  474. 
Furthermore,  by  virtue  of  these  conditions,  this  corpus  reticulare  not 
only  sustains  the  last  ends  of  the  arteries,  and  perhaps  the  first  ends  of 
the  veins,  and  becomes  gradually  tenacious  and  tendinous  as  it  nears 
the  epidermis ;  but  also  communicates  with  all  the  papillae  and  glands 
spread  under  it,  as  will  be  seen  below,  so  as  to  be  a  support  and  stay 
to  them :  for  a  dense  vascular  growth  or  underwood  clothes  and  sur* 
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exist,  subsist  and  are  reproduced  from  the  parts  interior  to  them^ 
and  are  dependent  upon  those  parts  {e). 

498.  II.  The  corpus  reticulare  sustains,  strengthens  and 
balances  the  subjacent  parts  of  the  cutis :  as  will  be  evident  if  we 
consider  the  corpus  reticulare  in  the  light  of  a  superextended 
membrane,  formed  of  the  vessels  that  either  invest  or  construct 
the  several  parts  underneath  it ;  and  perforated  by  the  pores, 
ducts  and  villi  that  arise  and  proceed  from  the  papiUae,  the 
glands,  and  the  fat.  Wherefore  the  corpuscules  of  the  cutis 
hang  and  balance  from  this  reticular  web,  as  cords  from  their 
fixed  point,  or  scales  from  their  beam  and  lever  (/). 

499.  III.  The  corpus  reticulare  gathers  together  scattered 
parts  J  bridges  them  over,  gives  them  distinctness,  reduces  them  to 
form :  thus  it  causes  everything  to  refer  iiseff  to  a  general.  In 
every  unanimous  society,  or  body  that  Uves  under  the  auspices 
of  one  soul,  it  is  a  law,  that  everything  shall  refer  itself  to 
some  general;  for  the  cause  of  the  part  individually  is  carried 
on  in  the  general,  and  the  cause  of  the  general,  or  the  common 
cause,  in  each  individual  part  {g).     For  this  end,  the  reticulum 

rounds  the  papUlse  and  groups  of  papillae ;  but  enters  and  constracts 
the  glandular  particles.  Taking  these  points  for  a  foundation,  we  may 
draw  a  number  of  inferences  from  the  connexion  of  the  substances  with 
each  other ;  in  particular  from  the  connexion  of  the  papillary  cutis  with 
the  epidermb;  both  the  immediate  connexion  by  the  ends  of  the 
vessels,  and  the  mediate  connexion  by  the  corpus  reticulare:  and  if 
these  inductions  be  confirmed  by  experience,  the  truth  of  the  probabi- 
lities will  be  confirmed  along  with  them ;  just  as  in  geometiy  and  arith- 
metic, the  extreme  terms  being  given,  the  mean  term  is  discovered. 

(e)  On  this  subject  Heister  says:  " It  [the  epidermis]  does  not  origi- 
nate, as  old  writers  supposed,  from  the  condensation  of  the  exhalations 
of  the  body  by  the  air ;  but  rather,  according  to  Leeuwenboek,  from  an 
expansion  of  the  excretory  ducts  of  the  cutis  ;  or  accordmg  to  Buysch, 
from  an  expansion  of  the  nervouspapilke  of  the  cutis, — ^the  papillae  forming 
a  multitude  of  minute  scales  or  lamellae,  all  connected  togeUier ;  or  per- 
haps, as  it  seems  to  me,  from  both  these  sources  combined"  (n.  470). 

(/)  Malpighi,  Heister,  and  other  anatomists,  agree  with  us  that  the 
corpus  reticulare  strengthens  and  sustains  the  remaining  parts  of  the  skin. 

(ff)  The  more  exactly  simples  are  distinguished  from  each  other, 
the  more  fitly  they  are  put  together  into  forms»  and  the  more  ordinately 
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cutanemn  is  extended  oyer  all^  and  attached  to  all^  as  a  com- 
mon bond ;  and  by  its  mediation^  whatever  happens  to  any  part 
is  carried  forth  into  the  general.  To  proceed  in  successive  series, 
namely^  in  an  orderly  manner  from  the  first  sphere  to  the  last^ 
from  the  innermost  to  the  outermost,  from  the  relatively  soft 
parts  to  the  relatively  hard,  trom  the  active  to  the  inert;  that 
is  to  say,  from  the  fibres  to  the  vessels,  from  the  vessels  to  the 
membranes,  to  the  finer  membranes  in  the  first  instance,  and 
afterwards  to  the  firmer  and  stronger  {h) :  for  nature  never 
flings  herself  headlong  from  one  extreme  to  the  other;  but 
moves  forward  by  her  degrees  from  beginnings  to  ends ;  and 
thus  insinuates  herself  tacitly  and  prudently  from  causes  into 
effects.  This  is  particularly  evident  in  the  progression  of  the 
fibres  towards  their  ultimate  textures  in  the  reticulum  and  in 
the  epidermis.  To  flow  backwards  and  forwards  in  a  certain 
gyre.  For  when  any  scale  of  the  cuticle  is  displaced  or  started, 
it  is  immediately  drawn  back  by  the  plane  of  the  reticulum,  to 
which  it  is  connected ;  in  order  that  the  reaction  may  be  cor- 
respondent to  the  action  (t),  and  that  the  effect  may  retium  to 

they  are  related  to  their  generals,  the  more  perfect  is  the  state  of  the 
member.  (Part  I.,  p.  53,  n.  44  {k)  ;  Part  II.,  p.  18,  19,  n.  345,  q.)  In 
our  investigation  of  the  other  organs  and  senses  we  shall  have  to  illus- 
trate this  in  greater  detail. 

(A)  From  the  conclusion  to  which  probable  arguments  led  us  {cC) 
respecting  the  connexion  of  the  substances  of  the  cutis  with  the  reticu- 
lum Malpighii,  it  follows  as  a  consequence,  that  the  papillary  fibre, 
which  derives  from  its  form  a  condition  of  vitality  and  perfect  activity, 
acts  upon  and  influences  the  blood-vessels  with  which  it  is  beset,  and 
mediately  thereby  the  corpus  reticulare  and  the  cuticle.  The  nervous 
fibre  is  the  smallest  and  finest ;  next  in  fineness  comes  the  capillary  ves- 
sel ;  then  the  membrane  woven  of  capillaries ;  then  the  scale  made  up 
again  of  such  membranes  compacted  together.  Thus  there  is  a  progres- 
aon  from  the  greatest  softness  to  the  least :  likewiBe  from  the  most 
complete  activity  to  something  like  inertia.  And  there  is  a  similar  pro- 
gression of  the  accidents,  forces,  and  modes  thence  resulting. 

(t)  This  is  the  reason  why  the  cuticle  is  firmly  connected  to  the 
corpus  reticulare.  See  above,  notes  (c)  and  {d).  For  when  the  Httle 
scale  is  displaced  from  the  papilla,  it  is  drawn  back  again,  by  reason  of 
the  above  connexion,  of  mechanical  force  and  necessity,  by  the  reti- 
culum, which  although  perforated,  is  a  continuous  expanse.     Thus  the 
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the  principle  of  the  efficient  cause^  whether  this  principle  be  a 
papilla^  or  a  gland;  all  points  of  which  correspond  to  some 
more  general  fixed  point  in  this  ultimate  plane.  Thus  the  cor- 
pus reticnlare^  like  a  balance,  causes  everything  to  conspire  and 
tend  to  its  equilibrium  and  rest. 

500.  Description  of  the  cutis.  Immediately  under  the 
corpus  reticulare  and  squamous  cuticle,  and  adherent  thereto^ 
lies  the  papillary  substance,  mammilliform,  emissile,  retractile, 
sensitive,  the  true  organic  substance  of  touch ;  thick,  hard, 
erect  and  acuminated  in  some  parts ;  comparatively  thin,  soft, 
depressed  and  flat  in  others :  displaying  various  windings  and 
gyrations,  formed  of  Airrows,  ridges,  and  lines,  straight,  oblique, 
curved,  waving,  spiral,  arranged  in  wonderful  series,  and  like- 
wise subdivided :  marked  out  and  tesselated  into  areas,  squares, 
globes  or  circles,  and  divers  other  forms,  regular  and  irregular : 
in  one  way,  for  example,  in  the  palms  of  the  hands,  the  soles 
of  the  feet,  the  fingers  and  toes,  and  the  joints  of  each,  in  the 
arms,  the  legs,  the  two  regions  of  the  body,  the  face,  the 
forehead  thereof,  the  cheeks,  the  nose,  the  external  ear,  the 
scalp,  the  part  under  the  nails ;  in  another  way  in  the  lips,  the 
buccal  cavity,  the  palate,  the  uvula,  the  penis,  the  glans  penis, 
and  the  other  more  naked  membranes,  cavities,  and  organs: 
differently  again  in  the  oesophagus,  the  stomach,  the  intestines, 
the  bladder,  the  uterus :  and  again  in  the  tongue  and  the  nasal 
fossse :  the  forms  and  papiUse  similar  everywhere,  but  dissimilar 
in  composition,  array,  design.  This  papillary  substance,  thus 
arranged  in  series  by  means  of  the  reticular  membrane  or  reti- 
culum Malpighii  covering  it  in  and  interposing  between  its  parts, 
underneath  the  epidermis,  according  to  the  presence  of  pleasant 
or  unpleasant  touch,  the  intention  of  the  mind,  the  changes 
of  state  in  the  blood  and  spirits,  &c.,  either  puts  forth  and 
points  itself,  or  draws  back  and  smooths  itself,  or  inflames  and 
hardens,  or  cools  and  softens,  or  writhes  and  curls.    Moreover, 

action  returns  to  the  papilla  by  a  species  of  reflexion  and  so  in  a  circle ; 
whence  reaction.  The  fact  is  demonstrable  to  sight,  by  means  of  ten- 
dons doubled,  and  bound  together  in  a  similar  manner.  But  the  con- 
trary happens  when  the  scale  is  struck,  and  thrust  towards  the  papilla ; 
in  this  case  it  is  raised  by  the  reticular  plane  as  a  fulcrum,  and  restored 
immediately  to  its  own  little  natural  situation. 
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in  its  farrows  and  sinuosities^  the  cutis  is  perforated  with  innu- 
merable tubules^  emissarj  ducts^  pores  and  vessels^  evaporating 
or  else  absorbing  juices  and  vapors^  thick  or  thin^  or  almost 
purely  aqueous^  or  urinous^  saline^  or  fatty.  In  addition  to  the 
above  sensitive^  organic  forms^  produced  by  the  cutaneous 
fibres^  there  are  again  a  number  of  others^  consisting  chiefly  of 
convolutions  of  vessels^  and  termed  subcutaneous  glands^  miliary 
glands^  follicles^  imbedded  under  the  cutis^  and  planted  for  the 
most  part  upon  the  h,t,  and  at  the  roots  of  the  hairs^  and  re- 
presenting oval  corpuscules ;  furnished  abundantly  with  both 
arterial  and  venous  capillaries^  and  with  fibres  singularly  plaited 
and  intertwined ;  their  emissary  vessels  reaching  all  the  way  to 
the  cuticle^  and  there  opening  by  comparatively  wide  orifices^ 
as  it  were  retracted  and  thinly  covered  with  cuticular  bark. 
Interposed  between  these  [glands]^  and  spread  beneath  the 
other  [forms]  ^  we  find  a  stupendous  series^  such  as  neither  the 
scalpel  nor  the  eye  of  the  anatomist  can  ever  distinctly  unravel, 
— a  series  of  fibres,  filaments,  ducts,  particularly  of  vessels, 
running  all  over  with  singular  serpentine  flexures,  advancing  to 
the  papillary  cones  and  glandular  follicles,  receding  from  them, 
and  by  their  extremities  sporting  round  them  in  a  wonderful 
manner.    This  is  the  texture  and  fabric  of  the  cutis. 

501.  Inasmuch  as  the  cutis  embraces  several  species  of 
substances,  as  papillae,  glands,  pores,  ducts,  vessels,  and  fila- 
ments, to  say  nothing  of  hairs  and  layers  of  fat,  therefore  in 
order  to  unravel  this  complication  of  structures,  it  will  be  in- 
dispensable to  distribute  our  analyses  distinctly  into  their 
general  heads,  and  these  into  their  members,  and  these  mem- 
bers into  their  parts.  To  begin  with  the  general  heads,  or  the 
general  uses :  the  cutis,  firstly,  serves  as  a  new  source  of  fibres, 
and  as  an  end  and  beginning  to  the  vessels :  secondly,  as  the 
foster-mother  of  the  spirits,  and  the  nurse  of  the  blood ;  and 
furthermore,  as  the  instrument  for  throwing  out  useless  matters 
from  both :  thirdly  and  lastly,  as  the  sensorium  of  touch.  We 
shall  now  proceed  to  the  members  of  these  heads,  and  from  the 
members  to  the  parts. 

502.  Firstly.  The  cutis  serves  as  a  new  source  of  fibres, 
and  as  an  end  and  beginning  to  the  vessels.  I.  For  there  are 
pores,   ducts,    and  Uttle  canals,   of  a  threefold  kind,    origin. 


Digitized  by  VjOOQ IC 


406  THE    ANIMAL   KINGDOM. 

nature^  and  function^  arising  from  the  fibres^  and  from  the 
same  number  of  organic  substances  belonging  to  the  cutis^  and 
which  as  they  are  hollow  and  pervious^  are  both  produced  out- 
wards and  continued  inwards.  II.  The  pores  of  the  first  kind 
have  their  origin  from  the  first  composition  of  the  cutaneous 
fibres.  Their  nature  is^  when  drawn  back  fit>m  their  apertures, 
to  represent  new  fibres,  which  are  to  be  named  corporeal  fibres. 
Their  function  is,  to  suck  in  the  purer  elements  of  food  from 
the  air  and  ether,  and  to  carry  them  to  their  ends,  and  expend 
them  upon  the  uses  of  life.  III.  The  pores  of  the  second  kind, 
more  properly  termed  ducts,  have  their  origin  from  the  pores  of 
the  first  kind,  so  convoluted  as  to  form  a  vessel;  consequently 
from  the  papillae,  to  the  commissures  or  interstices  of  which, 
they  run  continuously.  Their  nature  is,  to  be  the  first  and  last 
ends,  thus  the  beginnings,  of  the  arteries.  Their  Junction  is,  to 
expire  the  thin  and  worthless  effluvia  of  the  blood.  IV.  The 
ducts  of  the  third  kind,  rather  to  be  called  little  canals,  have 
their  origin  from  the  subcutaneous  glands.  Their  nature  is,  to 
be  the  beginnings  of  the  veins.  Their  Junction  is  twofold ;  on 
the  one  hand  to  throw  out  of  doors,  away  from  the  cutis,  the 
vapors  and  sweats  received  from  the  arteries;  on  the  other 
hand,  to  suck  in  the  same,  and  insinuate  them  into  the  new 
formed  veins.  V.  These  three  kinds  of  vessels  do  not  end, 
excepting  where  the  innermost  coat  of  the  arteries,  and  the 
outermost  coat  of  the  veins,  place  their  boundaries;  namely^ 
their  boundaries,  but  of  a  middle  kind,  in  the  chambers  of  the 
heart,  where  [all]  the  [vessels]  come  together;  their  ulterior 
boundaries,  in  the  innermost  sphere  or  vesicles  of  the  lungs ; 
but  their  last  boundaries,  where  the  fibres  place  their  first,  in 
the  cortical  glands  of  the  brain.  Hence  the  indissoluble  con- 
junction and  connexion  of  the  last  sphere  with  the  first  by 
means  of  the  heart.  YI.  From  this  it  appears,  that  the  fibres 
springing  up  in  the  brain,  again  commence  anew  in  the  ulti- 
mate limit  of  the  body,  that  is  to  say,  in  the  cutis,  and  return 
in  a  gyre  to  their  principles;  and  thence  run  forth  again  in 
company  with  the  parent  fibres  into  their  field  of  uses ;  so  that 
their  circle  is  an  everlasting  circle  or  spire,  in  which  the  idea  of 
continuity,  perpetuity,  or  infinity,  is  represented.  Let  us  now 
illustrate  these  positions  one  by  one. 
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608.  I.  There  are  pares,  ducts,  and  Utile  canais,  of  a  three- 
fold kind,  origin,  nature,  and  function,  arising  from  the  fibres, 
and  from  the  same  number  of  organic  substances  belonging  to  the 
cutis.  This  is  confirmed  by  the  united  testimony  of  a  multitude 
of  phenomena  that  are  easily  observable  in  the  cutis :  as  1.  The 
innumerable  small  and  large  pores^  interstices,  and  oscula  of 
tubes,  seen  by  the  microscope  as  well  as  by  the  naked  eye. 
2.  The  equaUy  innumerable  organic  forms  produced  by  the  con- 
flux of  the  fibres  and  vessels ;  to  wit,  the  simple  or  primitive 
papillse,  and  the  papilke  compounded  or  constructed  of  these ; 
also  the  glands  or  follicles ;  which  have  the  same  number  of 
passages  or  little  canals  corresponding  to  them.  8.  Of  which 
[passages]  there  are  some,  that  suck  in  alimentitious  particles 
firom  the  air  and  ether;  some  that  expire  invisible  vapors ;  and 
some  again  that  throw  out  visible  vapors,  as  for  instance,  the 
sweats,  even  in  drops.  4.  Also  the  three  kinds  of  stamina, 
namely,  the  fibres,  vessels,  and  unnamed  ducts,  under  the  papil- 
lary crust,  which  with  various  windings  flow  into  their  papillse, 
little  glomes,  and  glands,  and  flow  out  firom  them  again  (k), 

(k)  Respecting  the  filamentary,  vascular,  and  fibrous  texture  that 
lies  as  a  basis  under  the  papillary  substance,  and  affords  origin  to  the 
glands  as  well  as  to  the  papilke,  Heister  says  :  <<The  structure  or  sub- 
stance of  the  cutis  .  .  •  consists  of  a  wonderful  plaiting  of  very  tough, 
single,  tendinous  fibres"  (n.  472).  And  Winslow :  "  The  cutis  is  a 
tissue  .  .  .  made  up  of  several  kinds  of  fibres,  tendinous,  membranous, 
nervous,  and  vascular,  the  interlacement  of  which  is  the  more  wonder- 
ful, in  that  it  b  very  difficult  to  unfold"  (n.  473).  The  fact  is,  that 
in  order  to  unfold  it,  we  must  have  recourse  to  effects  themselves,  and 
firom  effects  educe  the  meaning  of  this  implication  of  so  many  kinds  of 
fibres.  Actual  effects  are  more  strongly  visible,  and  more  easily  un- 
folded, than  tissues  as  examined  by  the  eye.  Looking  then  from  effects, 
it  appears  that  these  fibres,  vessels,  and  filaments,  or  these  three  kinds 
of  stamina,  give  origin  not  only  to  three  kinds  of  corpuscules,  but  also 
to  three  kinds  of  pores  or  little  ducts.  This  is  perfectly  evident  firom 
the  cutaneous  transpirations  themselves ;  for  it  is  beyond  all  doubt  that 
there  are  some  pores  that  admit  and  transmit  the  most  refined  elements 
of  the  ethers,  and  some  that  throw  out  the  subtle  but  worthless 
halitus ;  and  others  again  that  both  eructate  and  reabsorb  the  sweats. 
Inasmuch  as  this  truth  cannot  but  be  plain  to  every  one  firom  the  expe- 
rience afforded  in  his  own  person,  it  follows,  that  there  must  be  as 


Digitized  by  VjOOQ IC 


408  THE    ANIMAL   KINGDOM. 

All  of  wldch^  if  they  have  a  threefold  origin^  must  also  have  a 
threefold  function ;  inasmuch  as  the  nature  is  derived  firom  the 
parentage^  and  the  function  follows  the  nature.  But  in  order 
that  these  pores  or  ducts  may  be  of  use  in  their  kingdom,  and 
yield  to  the  community  both  the  goods  that  they  transmit^ 
and  the  productions  that  they  themselves  originate,  they  must 
be  hollow  and  pervious,  and  both  produced  outwards  and  con" 
tinued  inwards, 

504.  II.  The  pores  of  the  first  kind  have  their  origin  from 
the  first  composition  of  the  cutaneous  fibres.  This  is  afiSrmed 
and  subscribed  by,  1.  The  immense  numbers  of  fibres,  almost 
in  a  state  of  ultimate  subdivision,  that  enter  the  papillae,  dis- 
tinctly terminate  therein,  and  develop  their  ends  into  slender 
villi,  out  of  which,  when  surrounded  with  a  little  tunic,  aud 
thus  collected  into  a  fSascicle,  the  entire  papilla  is  made  np, 
and  becomes  a  visible  form  (/).  2.  The  continuous  interstices 
and  passages,  the  same  in  number  as  the  terminations  or  ends 
of  these  fibres  or  villi ;  presenting  again  the  same  number  of  per- 
spirable channels  devoted  to  the  common  use  {m) ;  for  the  fibre 

many  kinds  of  vessels  and  pores  channelled  oat  in  the  catis ;  which  by 
reason  of  their  different  Amctions»  dimensions,  and  ends  or  destinations, 
and  by  reason  of  their  quantity,  appear  so  complicated  as  not  to  allow 
of  being  unfolded  at  all  by  the  eyesight,  but  only  by  the  rational  sight, 
which  looking  from  causes,  sees  series  of  complicated  things  in  a  com- 
paratively simple  light.  For  the  condition  of  all  things  in  fabrics  pro- 
ceeds from  use.  Winslow  agrees  in  attributing  this  threefold  use  to 
these  vessels.  ''The  papillae,"  says  he,  ''are  the  organ  of  touch. 
They  contribute  to  a  universal  evacuation  which  is  in  general  termed 
the  insensible  transpiration.  They  likewise  serve  to  transmit  from 
without  inwards  the  more  subtle  particles  or  impressions  of  certain 
things  appHed  to  the  skin  exteriorly.  The  first  of  these  three  uses 
depends  upon  the  extremities  of  the  nerves ;  the  second,  upon  the  pro- 
ductions of  the  arteries ;  the  third,  upon  the  continuations  of  the 
veins."  (Exp,  Anat,,  Hist,  gen,  dea  Tegumens,  &c.,  n.  49.)  But  in 
order  to  obtain  a  distinct  idea  of  all  these  things,  we  shall  be  obliged 
to  consider  each  one  separately. 

(l)  We  shall  speak  of  these  terminations  of  the  fibres,  and  subdi- 
visions of  the  papillae,  in  the  following  paragraphs. 

(m)  It  will  be  shewn  further  on,  that  in  the  most  perfect  organic 
forms,  the  fibres  are  thoroughly  discriminated  firom  each  other,  and 
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never  designs  a  pointy  still  less  a  line  or  pore^  without  a  per- 
petual regard  of  utility  (n).  Their  nattare  is,  when  drawn  back 
from  their  apertures,  to  represent  new  fibres,  which  are  to  be 
named  corporeal  fibres.  For  the  fibres  terminated  in  the  ex- 
tremes^ ever  intend  an  ulteriorly  efficient  cause^  and  in  this 
way,  perpetuity,  and  in  their  end,  a  new  beginning,  in  order 
that  their  last  boundary  may  again  be  something,  and  become 
their  first.  Such  is  nature's  game  universally  in  her  ultimate 
sphere  (o) ;  in  which  respect  it  is  comparable  to  a  race  in  a 
circular  arena,  from  the  first  barriers  to  the  goals  and  columns 
in  the  hippodrome,  and  from  these  again  to  the  starting  place ; 
or  to  rays  that  issue  from  luminous  centres,  and  are  reflected  on 
the  way  by  opposite  mirrors  so  as  to  bound  back  again  to 
their  centres.  For  the  simplest  fibre  is  such  a  ray,  which  deter- 
mined by  the  soul  round  the  limits  of  its  kingdom,  is  reflected 
back  to  its  centres.  Thus  the  fibres  by  no  means  die  away 
in  their  extremes,  or  breathe  out  their  noble  soul  or  spirit, 
but  resuscitated  from  a  new  origin,  take  on  a  new  character 
and  nature,  and  enter  a  new  gymnasiimi  of  uses  {p) :  never- 
most  distinct  in  their  action ;  although  bound  down  with  their  neigh- 
bors, in  wonderful  bonds,  to  perform  mutual  offices.  Whatever  is  con- 
creted or  grown  together,  is  no  longer  living;  for  life  ceases  with 
perspirability  and  distinction  of  parts,  and  passes  proportionably  to  old 
age  and  death.  Wherefore  Hippocrates  did  not  hesitate  to  affirm,  that 
there  is  nothing  in  the  living  body  but  is  a  medium  of  perspiration  and 
communication. 

(n)  On  this  subject,  see  Part  I.,  passim. 

(o)  See  Part  I.,  p.  377, 378,  379,  n.  260,  («)  and  (o)  ;  and  Part  II., 
p.  330,  n.  455,  where  the  following  words  occur :  "  There  are  as  many 
centres  as  points,  and  as  many  equilibria  as  centres ;  and  these,  won- 
derfully continued  or  connected,  form  . . .  perpetual  gyres,  which  where 
they  enfold  themselves  in  ends,  there  distinctly  unfold  themselves  fi^m 
the  same  ends,  as  from  their  beginnings." 

(p)  Every  fibre  and  every  vessel  derives  its  nature  from  its  prin- 
ciple, for  it  b  a  continuation  of  its  principle.  Ck)nsequently,  wherever 
any  fibre  or  vessel  produces  a  new  corpuscule,  whether  such  corpuscule 
be  a  papilla,  or  a  gland,  or  a  muscle,  or  an  entire  member,  there  it  in  a 
manner  lays  aside  its  former  nature,  and  derives  a  new  nature  from  its 
new  body.     So  also,  although  it  be  the  fibre  of  the  brain  that  coalesces 
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theless  they  still  pass  under  the  form  and  gaise  of  fibres; 
wherefore  they  are  called  after  their  new  beginnings^  corporeal 
fibres.  These  are  the  subcntaneous  filaments  to  which  no  name 
has  been  assigned ;  and  which  construct  the  innermost^  or  as  it 
is  termed,  the  nervous  coat  of  the  arteries,  as  will  appear  from 
the  series  of  proofs  brought  forward  in  the  sequel.  Their  func- 
tion is,  to  suck  in  the  purer  elements  of  food  from  the  air  and 
ether,  and  to  carry  them  to  their  ends,  and  expend  them  upon  the 
uses  of  life.  That  these  pores  are  adductory  or  insorbent,  but 
not  expiratory  or  excement,  is  attested  by  (q),  1.  Their  extreme 
tenuity.  2.  The  extreme  tenuity  of  the  elements  that  float 
about,  both  separately  and  in  volumes,  in  the  air,  and  par- 
ticularly in  the  ether,  and  are  constantly  fitting  and  insinuating 
themselves  into  their  corresponding  and  coequal  pores.  8.  The 
exceedingly  exquisite  sense  in  the  delicate  little  mouths  of  these 
pores,  which  admonishes  the  soul,  and  the  soul  alone,  to  elect 

into  a  papilla,  yet  when  it  returns  from  the  papilla,  it  can  no  longer  be 
called  the  fibre  of  the  brain,  but  the  fibre  of  the  body,  or  the  corporeal 
fibre ;  for  as  we  said  above,  it  derives  its  character  firom  its  new  parent. 
The  reader  will  find  a  mde  delineation  of  the  fibres  that  go  to  the  skin, 
in  Enstachius,  Tabul.  Anat.,  tab.  viii.,  fig.  1 ;  and  tab.  ix.,  fig.  I  ; 
and  which,  as  Lancisi  says,  are  "  nerves  that  issuing  from  the  muscles, 
play  through  the  subcntaneous  parts."  (Op,  Cit.,  Notis  illustr.  Lan- 
cisicis,  p.  16;  Colon.,   1716.) 

(q)  All  our  authors  agree  that  there  are  two  kinds  of  pores; 
namely,  one  kind  that  sucks  in  the  invisible  halitus,  and  another  kind 
that  throws  them  out.  Thus  Heister  says :  **  It  [the  cutis]  exhibits 
certain  large  openings  :  .  .  .  and  also  smaller  openings,  commonly  called 
pores,  which  in  their  turn  are  subdivided  into  great  and  small,  and  give 
^;ress  to  the  hairs,  the  transpiration,  and  the  sweat ;  and  ingress  to 
mercury,  the  matter  of  contagions,  &c.  The  larger  pores  are  visible  to 
the  naked  eye;  .  .  .  but  the  smaller  pores  are  demonstrated  by  the 
microscope,  and  by  the  passage  of  mercary  through  leather"  (n.  472). 
And  Winslow :  *'  The  skin  is  perforated  by  an  infinity  of  small  holes 
called  pores,  which  are  of  two  kinds.  Some  are  more  or  less  visible. 
.  .  .  The  other  pores  are  imperceptible  to  the  naked  eye,  but  visible 
enough  through  a  microscope.  Their  existence  is  also  proved  by  the 
cutaneous  transpiration,  and  by  the  penetration  of  the  subtle  parts  of 
topical  applications ;  which  two  drcumstances  may  furnish  legitimate 
reason  for  dividing  these  pores  into  arterial  and  venous"  (n.  476). 
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from  those  occult  and  ethereal  dainties  the  parts  that  are  suit- 
able^ and  to  reject  those  that  are  at  variance  with  the  nature  of 
the  blood  (r).  4.  The  fiEU^  that  these  fibres  in  the  extremes, 
carry  nothing  that  they  can  send  away;  for  the  loss  of  the 
noble  essences  of  which  they  are  the  vehicles,  is  everywhere 
solicitously  prevented  (s).  5.  The  universal  nourishment  of  the 
subjects  of  both  the  animal,  vegetable,  and  mineral  kingdoms, 
through  their  cuticles,  or  external  skins  and  surfaces,  as  shewn 
above  by  a  multitude  of  proofs  in  the  Analysis  of  this  Part  (/). 
These  alimentitious  pores  can  scarcely  become  visible  by  any 
power  of  the  microscope,  inasmuch  as  their  delicate  little 
mouths  are  set  and  ingrafted  in  the  little  lips  of  the  larger 
ducts. 

505.  III.  ^7^e  pores  of  the  second  kind,  more  properly 
termed  ducts,  have  their  origin  from  the  pores  of  the  first  kind,  so 
convoluted  as  to  form  a  vessel;  consequently  from  the  papilke,  to 
the  commissures  or  interstices  of  which,  they  run  continuously. 
This  position  receives  support  and  assent  from,  1.  The  next 
compages  or  fasciculus  of  fibres,  which  is  composed  of  the 
least  papilliform  fibres,  as  its  principles,  and  constitutes  the 
unity  of  the  sensorium,  or  the  simple  sensoriolum  of  touch, 
and  is  properly  called  a  papilla.  Wherever  one  of  these  [fibres] 
is  united  to  another,  and  to  its  associates,  there  we  find,  not  a 
mere  fissure,  but  a  passage  in  the  form  of  a  tube :  thus,  by 

(r)  See  Part  I.,  p.  206,  207,  n.  156,  (A,  t,  k) ;  p.  207,  208,  n. 
157  (0 ;  p.  242,  n.  185. 

(«)  In  truth  the  fibres  are  so  fearful  of  the  loss  of  their  spirits,  that 
they  contract  at  the  least  touch,  and  block  up  the  way :  and  they  collect 
the  scattered  spirit,  and  send  it  back  into  the  blood  through  the  lym- 
phatics and  the  thoracic  dact ;  (Part  I.,  p,  221,  222,  n.  169  (a)  ;  p.  237, 
238,  239,  n.  181,  182,  n) :  which  [namely,  the  contraction  of  the 
fibres]  is  one  of  the  causes  of  unpleasant  sensation. 

{t)  Namely,  in  n.  492.  The  vegetation  of  certain  trees,  which  are 
nourished  by  the  air  more  than  by  the  earth,  is  an  additional  proof  of 
this  point.  1  allude  to  resinous  pines,  and  similar  shrubs,  which  are 
redolent  of  aromatic  juices  in  the  most  barren  sand,  and  come  in  the 
naked  defts  of  mountains,  exposing  their  very  roots  to  the  air :  not  to 
mention  species  that  are  green  and  flourishing  for  years,  although  hang- 
ing in  mid-ab. 
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yirtue  of  a  constant  and  inviolable  law  in  the  universal  king- 
dom^ the  simpler  fibre  is  turned^  by  a  process  of  conglomeration^  , 
into  a  little  canal  or  vessel  {u),  so  as  not  only  to  be  of  use  in  its 
simple^  but  also  in  its  compound.  2.  The  innumerable  little 
mouths  and  vessels  seen  under  the  microscope^  perforating  this 
papillary  cutis,  and  still  wandering  further,  and  scarcely  to  be 
computed  by  ordinary  numbers,  but  rather  by  myriads  (a?). 
Tlieir  nature  is,  to  be  the  first  and  last  ends,  thus  the  beginnings, 
of  the  arteries.  This  is  borne  out  by,  1.  The  infinite  stamina 
continued  from  the  little  arteries,  which  come  to  light  when 
expanded  by  wax  injections,  and  present  the  appearance  almost 
of  one  uninterrupted  plexus,  so  as  even  to  conceal  the  papillary 
fibres  from  view  (y).    2.  These  are  most  particularly  and  beauti- 

(u)  It  will  be  clearly  shewn  in  the  Analysis  of  the  Cerebrum,  that 
the  simple  fibre  never  proceeds  solitarily,  but  as  soon  as  it  has  passed 
out  of  its  parent  cortical  gland,  rolls  itself  into  a  kind  of  little  canal, 
which  is  termed  a  compound  fibre ;  and  this  again  into  a  fresh  canal,  or 
into  a  blood-vessel ;  and  the  blood-vessel,  into  follicles,  glands,  and  the 
like  hollow  glomes,  so  as  to  produce  again  a  new  vessel,  and  so  on : 
shewing  that  there  is  a  perpetual  derivation,  composition,  consequently, 
convolution  of  simples.  There  is  nothing  but  conspires  to  a  new  or- 
ganic form,  in  order  that  it  may  take  therefi^m  a  new  character,  and 
produce  a  use  suitable  thereto. 

(x)  "By  repeated  observations  and  experiments,"  says  Leeuwen- 
hoek,  "  I  obtained  such  results,  that  I  can  state  for  certain,  that  in 
the  whole  field  of  the  external  skin  of  the  body  there  is  no  space  but 
what  is  perforated  with  excretory  vessels"  (n.  478).  And  Boerhaave 
observes,  "  There  are  .  .  .  exhalant  vessels,  .  .  .  opening  obliquely,  and 
of  such  exceeding  fineness,  that  Leeuwenhoek  reckons  that  125,000  of 
them  open  in  a  space  that  may  be  covered  by  a  single  grain  of  sand. 
By  these  vessels  a  most  subtle  humor  is  constantly  transpiring  from 
every  point  of  the  body,  which  humor  is  named  the  Sanctorian  per- 
spiration, from  its  discoverer,  Sanctorius"  (n.  479). 

(y)  "  The  cutis  .  .  .  consists,  "  says  Heister,  *'.  .  .  of  vast  numbers 
of  blood-vesseb  first  properly  brought  to  light  by  the  stupendous  in- 
jections of  Ruysch"  (n.  472).  And  according  to  Ruysch  himself : 
"The  vessels  of  the  cutis  are  so  numerous,  that  when  injected,  it 
becomes  perfectly  red,  so  that  it  seems  to  be  made  of  nothing  but 
vessels."  (Thes.  Anat,  liii.,  n.  90.)  See  also  his  delineation  of  these 
vessels,  Thes.  Anat,  ix.,  tab.  iii.,  fig.  2.    There  are  two  vascular  plex- 
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folly  seen  in  the  diminutive  bodies  of  embryos  and  infants^ 
where  the  cutiB  exhibits  nothing  but  sanguineous  redness  and 
arterial  terminations.  8.  The  passages  and  ducts  traversing  the 
papillary  coverings  seen  by  the  microscope^  to  the  admiration 
and  edification  of  the  anatomist^  and  which  eliminate  the  sub- 
tler impurities,  and  thus  are  continuous  with  the  arteries,  whose 
office  it  is  to  excrete  {z).  4.  The  well-known  origin  of  all  the 
arteries  fix>m  fibres  bom  in  the  brain ;  although,  in  order  that 
the  arteries  may  be  vessels  of  a  corporeal  stock  and  nature, 
they  require  to  be  composed  of  fibres  that  derive  this  nature 
from  new  beginnings.  These  fibres,  so  convoluted  as  to  form  a 
vessel,  go  to  prepare  and  construct  the  innermost  coat  of  the 
arteries,  which  is  their  first  coat  and  their  last  {a).  5.  The 
same  thing  is  attested  by  the  existence  of  the  arteries  in  the 

uses,  an  inferior  and  a  saperior :  respecting  the  latter,  see  n.  497  (d). 
If  we  take  into  account  the  wonderful  continuity  of  the  blood-vessels, 
and  their  universality  in  the  cutis,  so  that  they  even  tinge  the  papillary 
substance,  we  may  conclude  without  hesitation,  that  the  papillae  of 
touch  are  not  made  up  of  nerrous  fibres  alone,  but  also  of  capillaries 
or  blood-vessels.  And  if  we  may  reason  from  comparative  anatomy, 
that  is,  from  similitude  of  &bric  in  other  parts  of  the  same  kingdom, 
we  shall  find,  that  the  ultimate  ends  of  the  arteries  invest  the  fibres 
forming  the  papilla  in  the  form  of  a  soft  bark  or  tunic,  and  defend 
them  from  being  exposed  naked  to  touch,  and  so  conceal  them. 

(z)  "  I  pared  several  lamellae  from  my  skin,"  says  Leeuwenhoek, 
** .  .  ,  and  saw  .  .  •  that  a  little  piece  of  skin  .  .  .  was  perforated  with 
innumerable  pores;  which  I  distinguished  with  great  deamess,  the 
case  being  much  as  if  we  were  to  prick  a  little  piece  of  paper  with  a 
very  fine  needle,  and  see  the  sun  shining  through  the  holes.  ...  A 
piece  [of  skin]  not  above  an  inch  long  must  hold  a  thousand  vessels ;  . . . 
and  a  square  foot  of  skin,  a  hundred  and  forty-four  millions"  (n.  478). 

(a)  We  shall  have  to  demonstrate  at  some  length  in  another  place, 
that  the  innermost  or  nervous  coat  of  the  arteries  runs  continuously 
from  the  beginning  to  the  end  of  their  canals.  Here  we  shall  only 
observe,  that  the  muscular  coat  is  dropped  in  the  least  arterial  capilla- 
ries, consequently  also  the  vascular,  which  serves  the  muscular,  and 
the  glandular  likewise  :  for  all  the  exterior  coats  are  here  constructed 
for  die  use  of  the  interior.  How  the  innermost  coat  of  the  carotid 
arteries,  in  the  cerebrum,  is  implanted  in  the  cortical  substances,  wOl  be 
shewn  in  the  Part  on  the  Cerebrum. 
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chick^  as  examined  in  the  egg  during  incubation,  where  the 
beginnings  of  the  vessels  are  found  to  spring  up  at  a  dis- 
tance from  their  heart,  and  in  the  extremes  of  the  body  {b). 
6.  Lastly,  the  vast  numbers  of  similar  origins,  not  only  in  the 
outermost  goals  of  bodies,  but  also  everywhere  in  the  innermost 
stadia  of  the  viscera,  as  in  the  cavities  of  the  stomach,  the 
intestines,  and  many  other  organs  (c) ;  and  even  in  the  trunks 
of  the  arteries  themselves.  TTieir  function  is,  to  eacpire  the  thm 
but  worthless  effluvia  of  the  blood,  consequently  to  be  excretory 
or  educent  pores  or  ducts.  This  we  are  taught  by,  1.  The  Sanc- 
torian  perspiration,  brought  to  light  by  a  mass  of  observations 
extended  now  over  a  long  period  of  time;  also  by  the  vapors 

(6)  On  this  subject  Malpighi  says :  **  It  is  very  difficult  to  deter- 
mine by  the  senses  whether  the  existence  of  the  blood  precedes  that  of 
the  before-mentioned  heart.""  .  .  .  But  this  much  certainly  is  visible, 
that  the  blood  or  sanguineous  material  does  not  possess  from  the  com- 
mencement all  those  things  that  are  afterwards  found  in  it. . . .  It  seems 
clear,  that  the  ichor,  or  material  above  alluded  to,  which  afterwards 
becomes  red,  precedes  the  motion  of  the  heart ;  but  that  the  heart,  as 
well  as  its  motion,  precede  the  rubefaction  of  the  blood.*'  (De  Fortnor 
tione  Pulli  in  Ova,  p.  5,  6  ;  fol.,  Londini,  1686.)  "After  thirty-eight 
hours  of  incubation,  .  .  .  the  umbilical  vessels  were  seen  ramifying 
about  with  varicose  and  reticulated  twigs,  but  they  were  not  yet  pro- 
duced as  far  as  the  heart,  &c."  (Ibid.,  p.  4,  5.)  See  also  the  same 
citations  in  my  Economy  of  the  Animal  Kingdom,  n.  242.  For  the 
heart  is  the  common  receptacle  of  the  blood,  and  the  common  starting- 
place  of  the  arteries  and  goal  of  the  veins.  What  is  common  grows 
out  of  its  parts,  but  not  vice  versa :  consequently  the  heart  grows  out 
of  its  arteries  and  veins ;  and  for  this  reason,  the  heart  is  not  seen  to 
arise  in  the  breast  of  the  chick  until  after  some  days  of  incubation  have 
elapsed. 

(c)  "The  exhalation  of  thb  humor,"  says  Boerhaave,  "is  carried 
on  by  the  whole  external  epidermis,  as  weU  as  by  the  cuticle  of  the 
mouth,  the  nares,  the  fauces,  the  larynx,  the  lungs,  the  oesophagus, 
the  stomach,  the  intestines,  the  bladder,  and  the  uterus :  hence  its 
quantity  is  greater  than  that  of  all  the  other  excretions  put  together" 
(n.  479). 

*  He  had  laid  previoiuly,  «*  I  think  that  these  vesicles,  pulsating  in  succession, 
constitate  a  true  heart,** — (Tr.J 
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plainly  seen  to  exhale  in  the  form  of  a  wavy  smoke  from  the 
scalp  when  denuded  of  hair(d);  by  the  above  perspiration 
being  different  and  mutable  according  to  the  times  of  the  day, 
the  seasons  of  the  year,  age,  sex,  climate,  the  weather,  and 
the  changes  and  affections  of  the  body  (e).  2.  By  the  anxiety 
felt  when  these  passages  [or  ducts]  are  obstructed,  the  conflict 
of  the  blood  and  spirits  with  heterogeneous  matters ;  then  the 
distress  of  all  the  parts  in  the  fabrics,  and  of  the  fabrics  in 
their  universe,  premonitory  of  the  secret  presence  of  disease. 
3.  The  law  demanded  by  necessity  of  use,  that  these  ducts 
should  be  continued  from  the  arteries  which  alone  expunge  the 
worthless  parts  of  their  blood,  and  should  attain  their  outlet 
through  the  papillary  fibres,  which  can  be  expansile,  contractile, 
and  susceptible  of  infinite  states  of  change  (/),  and  can  thus 
be  the  genuine  regulators  of  the  matters  to  be  perspired. 

(d)  "The  cutaneous  exhalation,"  says  Winslow,  "becomes  very 
sensible,  when  we  apply  the  ends  of  the  fingers,  or  the  palm  of  the 
hand,  to  the  surface  of  a  mirror,  or  of  any  other  poHshed  body  ;  for 
such  surface  presently  appears  duUed,  and  covered  with  condensed 
vapor.  ...  If  we  look  at  the  shadow  of  a  bare  head  .  .  .  upon  a  white 
widl,  ...  we  shall  see  very  distinctly  the  shadow  of  a  flying  smoke 
issuing  from  the  head  and  mounting  upwards."  (Exp,  Anat,,  HisL  pen. 
des  Tegumens,  &c.,  n.  56,  59.) 

{e)  Since  these  points  depend  purely  upon  obserration,  it  will  be 
sufficient  to  quote  the  descriptions  given  by  those  who  haye  had  expe- 
rience on  the  subject.  "  In  the  climate  of  Italy,"  says  Boerhaave, 
"  in  a  person  in  the  prime  of  life,  who  enjoys  easy  circumstances  and 
takes  moderate  food,  the  perspiration  which  exhales  from  the  external 
skin,  the  mouth,  and  the  nares,  is  equal  in  weight  to  five-eighths  of 
the  aliment  taken  into  the  body"  (n.  479).  And  Winslow  says :  "The 
calculation  of  the  celebrated  Italian  [Sanctorius],  is  not  found  to  hold 
good  with  respect  to  other  cHmates  :  as  shewn  by  the  long  courses  of 
experiments  undertaken  by  M.  Dodart  and  M.  Morin,  Members  of  the 
Royal  Academy  of  Sciences ;  and  by  Dr.  James  Keill,  as  given  in  his 
Staiiea  Britmmiea."  (Op.  CiL,  loc.  cit.,  n.  58.) 

(/)  It  was  pointed  out  above,  how  susceptible  the  papillary  fibre  is 
of  changes  of  state.  For  in  order  that  the  perspirations  may  be  condi- 
tioned according  to  every  state  of  the  body,  and  affection  of  the  animal 
mind,  and  interior  senses,  to  which  the  province  and  charge  of  provid- 
ing for  the  health  of  the  body  is  entrusted,  it  is  necessary  that  they 
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506.  IV.  The  ducts  of  the  third  kind,  rather  to  be  called 
UHle  canals,  have  their  origin  from  the  subcutaneous  glands, 
termed  otherwise  miliary  glands^  follicles^  and  cutaneous  recep- 
tacles ;  which  glands  beset  the  cutis  in  very  great  numbers  (g), 

should  pass  through  the  papiUary  substance ;  because  this  substance, 
being  sensitive  in  even  its  leasts,  is  either  expanded  or  contracted  ac- 
cording to  every  affection  of  innermost  nature,  and  correspondently,  the 
little  passages  or  pores  that  traverse  it,  are  either  opened  or  shut. 
Hence  the  causes  of  the  varieties  of  the  perspiration,  namely,  the 
proximate  and  remote  causes  of  the  stopping  or  unstopping  of  its  pores. 
For  nothing  whatever  is  done  in  firsts  or  principles  that  has  not  its 
corresponding  effect  in  extremes.  Wherever  the  fibre  goes,  it  always 
carries  with  it  the  animus  of  its  principle,  and  brings  that  animus  forth 
in  ultimates,  and  deposits  it  in  some  effect  resulting  therefrom. 

{g)  In  order  that  we  may  not,  with  Ruysch  and  Heister,  call  in  question 
the  subcutaneous  glands,  because  they  arise  from  vessels,  I  will  here 
bring  forward  a  few  vouchers  for  them,  taken  from  the  eye-witness  of 
the  most  sagacious  anatomists.  The  observations  of  Malpighi  and 
Steno  on  the  subject  are  too  well  known  to  require  statement.  **  Un- 
derneath the  cutis,"  says  Boerhaave,  *^  upon  the  fat,  all  over  the  cir- 
cumference of  the  body,  lie  what  are  called  the  miliary  glands ;  thickly 
set ;  furnished  with  an  artery,  vein  and  nerve ;  and  giving  forth  an  ex- 
cretory vessel,  which  .  .  .  discharges  the  sweat  by  an  open  orifice  under 
the  epidermis ;  and  is  covered  by  a  hollow,  elevateable,  roundish  valve. 
.  .  .  This  [vessel]  is  the  principal  organ  for  the  excretion  of  the  gross 
sweat ;  there  being  other  vessels,  namely  the  vascula  Ruysehiana,  for 
pouring  out  the  thinner  moisture"  (n.  479).  And  Winslow  says: 
*' These  grannies  are  partiy  imbedded  in  the  substance  of  the  cutis,  in 
littie  fossulae.  ...  By  macerating  the  skin  in  water,  or  any  other  con- 
venient liquid,  these  granules  .  .  .  become  very  visible.  .  .  .  The  late 
M.  Duvemay  clearly  demonstrated  to  the  Royal  Academy  of  Sciences, 
the  structure  of  some  of  these  cutaneous  glands,  which  appeared  like 
circumvolutions  of  small  intestines,  plentifully  supplied  with  capillary 
vessels"  (n.  475).  Nor  are  they  visible  only  in  the  skin  of  large 
animals,  but  particularly  so  in  the  skin  of  small  animals  and  insects,  as 
the  frog,  the  canceUus,  and  many  other  creatures.  Respecting  the  frog, 
Swammerdam  says :  ''  I  .  .  .  separated  the  skin  into  a  kind  of  glan- 
dular substance,  which  was  composed  of  very  numerous  globular  glands" 
(n.  482).  And  respecting  the  canceUus,  he  remarks  that  its  ''cutis" 
is  **  glandular,"  and  that  **  on  removing  these  integuments  [the  cuticle 
and  cutis],  we  come  to  a  great  number  of  white,  glistening  filaments. 
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and  haye  inserted  into  them  the  arterial  and  fibrous  ends,  won- 
derfully intertwined  (A).  Therein  the  artery  conceiyes  the  vein, 
that  is  to  say,  the  little  innermost  tunic  of  the  former  produces 
the  outermost  tunic  of  the  latter  (i) ;  giving  rise  to  new  threads 
or  staminula,  which  in  conjunction  with  the  parent  arteries, 
and  with  the  aid  of  the  nervous  fibre,  generate  a  glandiform 
spring,  out  of  which  the  vein  is  derived  and  bom ;  which  vein, 
by  virtue  of  its  origin,  becomes  of  a  passive  nature  and  cha- 
racter, analogous  to  the  female  sex,  alluring  into  it  the  juice  of 
the  artery  as  the  male,  and  dispensing  this  juice  upon  new  uses 
of  life.  The  same  thing  occurs  in  all  the  other  extremes; 
whether  in  the  cavities,  which  are  the  innermost,  or  the  con- 
vexities, which  are  the  outermost ;  for  the  ultimate  goals  of  the 
running  fibres  are  in  both  (*).  Consequently,  their  nature  is, 
to  be  the  beginnings  of  the  veins.  Their  function  is  twofold;  on 
the  one  hand  to  throw  ottt  of  doors,  away  from  the  cutis,  the 
vapors  and  sweats  received  from  the  arteries ;  on  the  other  hand, 
to  suck  in  the  same,  and  insinuate  them  into  the  new  formed  veins: 
so  that  these  glands  are  in  a  manner  Yertimini,  or  double- 
jointed  hinges  affixed  to  the  arterial  door-posts,  to  bend  either 

which  are  put  together  with  beautiful  regularity,  so  as  to  cover  a  vast 
number  of  little  parts,  all  exquisitely  arranged,  and  in  external  appear- 
ance resembling  intestines.  By  tracing  these  white  filaments  to  their 
origin,  I  saw  that  they  were  the  blood-vessels. .  .  .  What  I  at  first  took 
for  little  intestines,  were  all  appendages ;  .  .  .  these  were  of  a  tubular 
structure"  (n.  481).  The  br^ing  forth  of  the  sweat  at  stated  in- 
tervals, is  another  proof  in  favor  of  these  glands ;  for  without  regulative 
glands,  the  sweat  would  break  out  direct  from  the  arterial  extremities 
in  an  uncontrolled  stream;  and  perhaps  even  a  sanguineous  humor 
might  firequently  be  thrown  out  with  the  serum  when  the  cutis  is  vio- 
lently inflMned. 

(h)  See  Duvemay*s  description  as  cited  by  Winslow  (^). 

(t)  In  similar  glomes  or  ultimate  boundaries  of  the  vessels,  the  in- 
nermost coat  of  the  artery  makes  a  turn  [versuram  faciat],  and  passes 
over  into  the  outermost  coat  of  the  littie  vein.  (Economy  of  the  Animal 
Kingdom,  tr.  i.,  n.  223.)  For  the  innermost  coat  of  the  arteries  is  shewn 
by  the  unanimous  consent  of  our  authors  to  be  similar  to,  and  continu- 
ous with,  the  outermost  coat  of  the  veins. 

(k)  See  above,  note  (c),  the  citation  from  Boerhaave. 

VOL.  II.  PART  III.  CHAP.  I.  E  E 
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outwards  or  inwarcUi  and  either  spit  out  the  recrementitioiiB 
serum  into  the  air  {I),  or  else  pour  it  immediately  by  a  short 
turn  into  a  continuous  vein.  That  these  glands  have  a  twofold 
office^  or  amphibious  nature^  is  shewn  by,  1.  Their  origin  from 
the  arteries,  and  the  origin  of  the  veins  from  them  by  a  turn 
[per  versum]  {m).  2.  The  evident  production  of  their  emissary 
vessels  into  broad  sudoriferous  pores,  of  which  8.  The  orifices 
are  observed  with  separated  lips,  and  both  retracted  inwards  and 
extended  outwards  (n).    4.  The  sudoriferous  showers,  clogged 

(/)  It  is  stated  by  Yerheyen^  oa  the  authority  of  Steno,  that  eadi 
of  the  pores  of  this  kind  has  a  gland  under  it>  from  whidi  a  sndorife- 
nms  vessel  arises.  "  Steno  observes,"  says  he,  **  that  each  of  the  pores 
has  it  own  gland  beneath  it,  from  which  arises  a  sudoriferous  vessd 
that  terminates  on  the  outer  surfrce  of  the  skin."  (Corp,  Hum,  Jnat.^ 
tract,  ii.,  cap.  iii.) 

(m)  Ruysch  has  plainly  shewn  by  his  stupendous  injections,  that 
the  arteries  fix  their  boundaries,  and  as  it  were  their  footstays,  in  these 
and  similar  glands ;  and  for  that  reason  Ruysch  expunges  these  granules 
from  the  list  of  glands.  Malpighi  attributes  to  them  an  artery  and 
fibre,  but  no  vein.  "Malpighi,"  says  Verheyen,  "traces  an  artery 
and  nerve  to  each  gland,  to  which  doubtless  should  be  added  a  vein." 
(Ibid,)  This  affords  a  warrant  for  the  (pinion,  that  none  but  the 
smallest,  none,  in  £m^  but  impenetrable  venous  stamina,  exist  in 
those  glands ;  and  that  the  vein  is  formed  by  these  stamina  being  pot 
together  so  as  to  make  a  vessel  or  tubule ;  agreeably  to  our  declaration. 
I  am  not  aware  that  it  has  ever  been  really  proved  to  ocular  demonstra- 
tion, that  any  little  mouth  of  a  vein  reaches  as  far  as  the  scales  <^  the 
epidermis ;  while  on  the  other  hand  it  is  evident  from  an  infinity  of 
phenomena,  that  not  only  the  subtle  particles  floating  in  the  atmo- 
spheres, but  the  grosser  also, — aqueous,  oily,  and  the  like,  and  espe- 
cially the  spirituated  particles,  are  absorbed ;  and  in  fret  that  halitus 
and  sweats  are  reabsorbed  after  having  been  once  expired,  to  the  sensi- 
ble disturbance  of  the  body  affected  by  them. 

(n)  This  is  an  observation  of  Morgagni,'  given  in  his  very  words, 
excepting  that  he  says  that  these  orifices  appear  more  retracted  than 
extended :  from  whidi  it  is  very  dear,  that  the  emissary  vesseb  put 
forth  by  the  glands,  are  intended  not  only  for  throwing  out  the  effete 
humors,  but  also  for  seizing  the  same,  and  carrying  them  inwards. 
And  this  double  action  is  in  use  not  merdy  in  the  skin,  but  also  in  the 
intestines,  where  the  vessds  as  well  as  the  glands  enjoy  both  powers ; 
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with  stinking  fatty  dirt,  which  they  eructate  at  intervals  from 
the  arteries.    5.  And  the  similar  showers  that  they  reabsorb  at 

in  that  the  arteries  lick  and  drink  the  juices  and  chyles  with  their  little 
lips  in  like  manner  as  the  veins.  According  to  Heister :  *'  Albinus  has 
observed,  that  the  veins  of  the  intestines  may  be  filled  with  injection 
through  the  arteries,  and  the  arteries  through  the  veins ;  a  fact  which, 
[as  he  says,]  gives  rise  to  singular  speculations."  (Parti.,  p.  174,  n* 
134,  L)  And  the  same  thing  is  of  no  such  very  infrequent  occurrence 
in  these  games  of  nature.  For  it  is  not  uncommon  for  one  and  the 
same  vesicle,  like  a  little  heart,  to  protrude  the  humor  received,  both 
inwards  and  outwards ;  exactly  according  to  the  requirement  of  neces- 
sity, or  according  to  use,  which  involves  in  it  the  whole  plan  and  de- 
tail of  actions.  This  is  exemplified  in  all  the  arterial  vesicles  or  Uttle 
hearts  of  insects,  which  propel  the  blood  at  one  time  onward,  at  an- 
other time  backward ;  as  observed  by  Malpighi  in  the  silk-worm.  "  The 
motion  of  the  hearts,"  says  he,  *'  acquired  during  the  first  days  of  [the 
existence  of]  the  aurelia  [or  chrysalis],  still  continues ;  that  is  to  say, 
the  juice  is  expressed  from  above  downwards,  and  propelled  by  succes- 
sive systole.  But  this  natural  course  is  by  no  means  so  constant,  but 
that  it  may  be  altered  by  even  a  slight  cause ;  perhaps  indeed  nothing 
can  be  less  constant.  ...  I  remember  having  observed  in  the  butterfly, 
a  motion  of  the  heart .  .  .  from  below  upwards  ;  and  then,  very  shortly 
afterwards,  the  starting-places  were  changed,  and  the  motion  was  di- 
rected from  above  downwards,  and  lasted  a  long  time.  ...  I  gathered 
another  observation  from  the  aurelia  immediately  after  it  had  been 
formed.  The  motions  of  the  hearts  were  directed  from  the  head  to  the 
lowest  part ;  then  from  the  latter  to  the  middle ;  from  which  the  floid 
was  sent  back  by  propulsion  the  opposite  way,  like  a  hand-ball,  to  the 
ttal ;  and  this  game  of  nature  lasted  in  this  manner  for  no  inconsidera- 
ble time,  until  two  motions,  directed  to  the  opposite  ends,  burst  forth 
from  the  middle,  upwards  and  downwards,"  &c.  {DUsert.  Epiatolie,  de 
Bambtfce,  p.  38,  39 ;  fd.,  Londini,  1686.)  For  further  informatioii  oil 
the  subject,  we  refer  the  reader  to  our  Eeommy  of  the  Animal  Kingdom^ 
tr.  i.,  n.  244,  ad  fin.,  where  he  will  find  Malpighi's  account  at  length,  fbll 
of  interesting  phenomena.  Nor  in  follicles  of  the  character  of  these  sub- 
cutaneous glands,  is  the  one  office  repugnant  to  the  other.  For  if  the 
artery  pours  forth  its  recrementitious  humor  into  the  gland,  it  can  send 
it  away  in  either  direction,  either  through  the  emissary  duct  into  the 
air,  or  else  into  the  continuous  venous  channel.  The  road  is  open  both 
ways,  and  is  constantly  trodden  and  in  use  towards  the  vein,  whether 
desiring  to  feed  itself  from  the  air  or  from  the  artery. 

EE  2 
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stated  times^  and  drink  in  to  the  last  drop^  so  as  to  leave  the 
8ui£ace  diy^  (as  perceived  by  feeling  in  the  palms  of  the  hands;) 
whereby  they  slake  the  thirst  of  the  veins  that  are  continued 
firom  them  (o).  6.  Thus  these  canals^  in  their  twofold  nature 
and  function^  correspond  to  the  two  first  kinds  of  pores^  both 
those  that  attract^  and  those  that  excrete ;  and  act  at  once  with 
both,  whenever  the  simpler  and  more  distinct  nature  requires 
the  assistance  of  its  compound  and  more  indistinct  nature. 

507.  V.  These  three  kinds  of  vessels  do  not  end,  excepting 
where  the  innermost  coat  of  the  arteries,  and  the  outermost  coat 
of  the  veins,  place  their  boundaries.  For  wherever  nature  places 
her  last,  there  also  she  places  her  first :  she  draws  the  outermost 
from  the  innermost,  and  produces  the  innermost  into  the  outer- 
most ;  hence  in  her  organic  forms  we  always  find  the  idea  of 
continuity,  perpetuity,  and  spiral.  She  puts  forth  the  fibres 
from  the  first  Uttle  starting-places  to  the  last  goals  in  the  body; 
there  she  transposes  the  outermost  sur&ces  of  the  fibres  into 
the  innermost  surfSeu^es  of  the  arteries,  and  these  again  into  the 
outermost  of  the  veins  (p) :  wherefore  the  artery  commences 
from  its  little  innermost  coat, — from  what  is  termed  the  nerv- 
ous coat, — and  the  vein  commences  from  a  similar  outermost 
coat  {q) ;  each  of  which  coats  continuously  follows  its  vessels  all 
the  way  to  the  ultimate  boundaries :  namely,  to  the  boundaries, 
but  of  a  middle  kind,  in  the  chambers  of  the  heart ;  for  in  the 
left  ventricle  of  the  heart  all  the  arteries  of  the  body  come 
together  with  their  blood  and  their  coats,  of  which  coats  the 

(o)  See  the  ezperimeDtal  proofs  brought  together  to  shew  that  the 
cuticle  sends  out  obsolete  volumes  of  effluvia,  and  sweats  oonsistmg  of 
useless  lymph,  brine,  and  rancid  fat,  and  disperses  them  into  the  con- 
tiguous air  (n.  493).  And  that  it  institutes  the  proximate  communica- 
tions between  the  circumambient  world,  and  the  corporeal  world,  and 
sends  down  new  aliment  into  passages  that  lead  to  the  blood  (n.  492). 
See  also  the  citation  firom  Winslow,  n.  503,  note  {k),  ad  fin.  With 
respect  to  the  valves  of  Steno,  they  are  denied  by  Heister  and  other 
anatomists. 

{p)  As  shewn  to  be  the  case  just  above,  where  we  spoke  of  the 
generation  of  the  arteries  firom  the  fibres,  and  of  the  veins  firom  the 
arteries. 

{q)  See  above,  note  (t). 
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innermost  invests  the  parietes  of  tlie  hearty  and  there  makes  a 
single  and  continnous  membrane  out  of  all  these  myriads  of 
beginnings  (r).  But  this  coat  does  not  rest  long  in  the  inner- 
most parts  of  the  hearty  for  instantly  it  throws  itself,  by  im- 
perceptible passages  and  pores,  towards  the  outermost  surface 
of  its  heart,  and  again  expands,  and  gathers  up  and  continues 
itself  into  the  innermost  coat  of  the  pericardium,  and  by  this 
returns  to  the  outermost  coat  of  the  veins  {s) :  thus  again,  in 
these  middle  boundaries,  as  in  the  first,  it  conjoins  the  inner- 

(r)  That  the  innermost  coats  of  the  arteries  brought  from  their  be- 
^nnings,  are  continued  to  the  interiors  of  the  heart,  Landsi  shews  in 
the  following  words :  "This  [innermost]  coat  of  the  arteries,"  says  he, 
**  answers  to  that  which  invests  the  inner  surface  of  the  ventricles  of  the 
heart,"  &c.  (De  Motu  Cordia,  ^c, — De  Aneuryamatibus,  lib.  ii.,  cap.  i.> 
prop.  vi. ;  and  in  our  JScon.  A.  K,,  tr.  i.,  n.  12K)  Respecting  the 
same  coat,  Yerheyen  says :  "  The  .  .  .  inner  coat  of  the  arteries  is  the 
thinnest,  and  almost  purely  membranous,  or,^  if  the  reader  pleases, 
nervous.  Its  fibrillse  run  longitudinally,  at  right  angles  to  the  annular 
fibres  of  the  preceding  coat.  These  fibres  are  thicker  near  the  heart." 
(Corp.  Hum,  Anat.,  tract,  i.,  cap.  iv. ;  and  in  ^con.  A,  JT.,  tr.  i.,  n.  116.) 
For  it  is  clear  from  the  anatomy  of  the  arterial  coats,  that  the  other 
coats,  muscular,  glandular,  and  vascular,  are  taken  on  afterwards,  and 
that  the  one  is  constantly  the  basis  of  the  other ;  wherefore  they  all 
disappear  towards  the  capillary  ends,  the  innermost  alone  remaining. 

(9)  Landsi  shews*  in  his  Treatise  De  Motu  Cordia,  &c.,  that  the 
innermost  coat  of  the  heart  is  propagated  through  imperceptible  pores, 
to  the  outermost,  and  from  thence  to  the  innermost  coat  of  the  pericar- 
dium ;  or  what  amounts  to  the  same  thing,  that  the  innermost  coat  of 
the  pericardium  is  continued  to  the  outermost  coat  of  the  heart,  and 
the  outermost  coat,  to  the  innermost  of  the  same.  Suffice  it  to  give 
hia  declaration  respecting  the  continuation  of  the  innermost  coat  of  the 
pericardium  to  the  outermost  coat  of  the  heart,  and  also  to  the  outer- 
most coat  of  the  veins.  "  The  internal  coat  [of  the  pericardium]," 
says  he,  "  .  .  .  b  reversed,  and  doubled  back  towards  the  heart,  so  as 
to  invest  those  portions  of  the  great  vessels  that  are  contained  within 
the  pericardium ;  and  it  is  also  spread  and  extended,  so  as  to  cover  the 
coronary  arteries,  and  the  whole  surface  of  the  heart."  (Part  II.,  p. 
220,  n.  419.)  From  this  we  may  see,  not  only  what  a  connexion  of 
parts  there  is  in  the  body  by  means  of  the  vessels,  but  also  what  a 
drcuition  there  is,  or  agoing  and  returning  of  things  to  their  beguinings. 
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most  coat  of  the  arteries,  bj  a  stable  bond,  with  the  outermost 
coat  of  the  veins.  But  nevertheless,  it  does  not  stop  here ;  this 
is  onlj  the  middle  stadium  of  its  field  and  course ;  it  has  in 
view  a  farther  goal,  namely,  the  last  in  the  body,  which  again 
is  the  first.  Therefore,  it  oicmdi  by  the  innermost  coat  of  the 
pericardium,  around  the  bronchia  and  their  great  vessels,  to  the 
innermost  reticular  meshes  and  vesicles  of  the  bmgs  ((),  and  there 
stops  at  last.  Oh  I  the  astonishing  and  infinite  game  that 
nature  plays  in  her  organic  gymnasium  I  This,  however,  is  the 
manner  in  which  it  ties  its  knots  in  the  lowest  sphere,  or  in  the 
body;  but  U  places  its  very  last  boundaries  where  the  fibres  place 
their  first,  that  is  to  say,  m  the  cortical  glands  qf  the  brain,  or 
in  the  principles  and  centres  of  the  superior  sphere :  for  thither 
the  carotid  artery  arises  with  the  same  innermost  and  first  coats 
of  the  arteries;  and  after  it  has  connected  them,  under  the  pia 
mater,  with  the  outermost  coats  of  the  veins,  at  length  engrafts 
them  upon  the  principles  of  the  fibres,  or  the  before-mentioned 
cortical  glands  {u).  Hence  the  indissoluble  conjunction  and  con- 
newion  of  the  last  sphere  with  the  first  by  means  of  the  heart. 
For  thus  the  discriminated  quantities,  or  the  myriads  of  arterial 
and  venous  principles,  unite  around  the  heart  into  one  con- 
tinuous quantity,  or  common  membrane;  which  proceeding 
again  onwards  firom  this  spot,  resolves  itself  into  discontinuous 
or  discriminated  quantities  in  the  lungs  and  in  the  brain  {x). 

(0  On  this  subject  see  Part  U.,  p.  222,  223,  n.  420 ;  p.  228,  229, 
n.  421  («)  ;  p.  286,  n.  440  (c). 

(m)  This  will  be  proved  by  an  abundance  of  experimental  eridence 
in  our  next  Part,  where  we  treat  of  the  Cerebrum. 

(#)  From  this  ground,  agreeably  to  the  mechanical  and  physical 
laws  of  motion,  may  be  deduced  and  comprehended  the  cause,  why  the 
cardiac  wheel,  placed  in  the  middle,  and  as  it  were  suspended  from  the 
ends  of  its  cords,  is  enabled  to  give  forth  such  inconstant  vibrations, 
which  in  nowise  conform  to  the  more  constant  and  slow  vibrations  of 
the  lungs  and  brain ;  (for  that  the  respirations  of  the  lungs  and  brain 
are  syndironous,  has  I  imagine  been  sufficiently  proved  in  the  foregoing 
analyses) :  namely,  that  the  cause  is,  that  the  htde  machine  of  the 
heart  hangs  in  the  middle,  and  this,  not  from  disdnct  threads,  but 
from  the  pericardium,  which  is  a  continuous  membrane ;  and  is  thus 
suspended  and  so  balanced  by  them  in  their  middle.    By  which  won- 
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YI.  From  tkU  it  appears,  that  thefiires  springing  up  in  the  brain, 
again  commence  anew  in  the  ultimate  limit  of  the  body,  that  is  to 
soy,  in  the  cutis,  and  return  in  a  gyre  to  their  principles ;  and 
thence  run  forth  again  in  company  with  the  parent  fibres  into  their 
field  qf  uses ;  so  that  their  circle  is  an  everlasting  circle,  or  spire, 
in  which  the  idea  €f  continuity,  perpetuity,  or  h^nity,  is  repre- 
sented. 

608.  Secondly.  The  cutis  with  its  miniature  viscera  and 
intestines,  serves  as  the  foster-mother  of  the  spirits,  and  the  nurse 
of  the  Nood;  and  furthermore,  as  the  instrument  for  throwing  out 
useless  matters  from  both.  For  I.  The  pores  of  the  first  kind^ 
simplj  bibulous  and  feedings  immediatelj  convey  the  elemental 
food  that  thej  sip  firom  the  ethereal  and  celestial  anras,  through 
their  corporeal^  thus  venous^  fibres,  in  part  to  the  cortical 
glands  of  the  brain,  which  are  the  prime  laboratories  of  the 
spirits ;  in  part  to  the  pulmonic  cells,  which  are  the  little  re- 
fectories of  the  blood,  and  the  preparatories  that  change  it 
from  venous  to  arterial;  in  part  to  the  left  chamber  of  the 
heart, — ^the  starting  place  from  which  the  arterial  blood  comes 
forth :  use  and  want  regulating  and  dispensing  the  quantity  and 
quality  of  this  aliment.  II.  But  the  pores  of  the  second  kind, 
which  we  have  termed  ducts,  simply  expiratory,  put  to  flight 
and  exterminate  the  injurious  and  recrementitious  matters  that 
infest  the  purer  blood  [and  the  spirit],  that  irritate  the  inter- 
stices of  the  fibres  and  of  the  nervous  fascicles,  and  that  beset 
the  lesser  cutaneous  parts.  III.  The  ducts  of  the  third  kind, 
more  properly  called  little  canab,  in  nature  and  office  both 
excretory  and  adductory,  thus  hermaphrodite  [bigeneres],  purge 
the  arterial  blood,  the  subjacent  &t,  the  muscles,  and  the  inte- 
guments of  the  viscera,  that  is  to  say,  the  peritonseum  and  the 
pleura,  of  their  grosser  impurities,  when  the  outlet  through  the 

derfol  and  Divine  contrivance,  the  heart  is  enabled  to  give  forth  dissi- 
milar motions^  which  do  not  flow  into  the  respiratory  motions  of  the 
longs  and  the  animatory  motions  of  the  cerebrum  in  any  other  than  the 
most  general  manner.  Respecting  the  covenants  that  there  are  in  ano- 
ther way  between  the  heart  and  the  lungs,  in  order  that  each,  excited 
by  its  own  causes,  may  perform  its  motions  without  interruption  from 
the  other,  see  Part  II.,  p.  235—238,  n.  423;  p.  339—341,  m  457 
and  notes. 
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other  doors  provided  by  nature  is  not  available.  At  stated  times 
also  they  seek  out  and  suck  in  the  purer  lymphs,  or  even  the 
thicker  vapors,  firom  the  air  itself;  and  pour  them  into  the  con* 
tinuous  veins.  IV.  And  this,  unintermittingly,  with  a  kind  of 
systoUc  and  diastolic  action  synchronous  with  the  pulsific  move- 
ments of  the  heart  and  arteries,  which  seizes  all  the  cutaneous 
parts,  the  little  arteries,  the  papillae,  and  the  glands,  and  rouses 
them  to  their  functions.  V.  But  with  infinite  variety,  accord- 
ing to  all  changes  of  state  arising  firom  sensation  and  affection, 
outermost,  innermost,  and  intermediate.  VI.  By  an  attentive 
review  of  the  above  positions,  a  knowledge  of  many  of  nature's 
secrets  is  brought  to  the  Kght  of  our  understanding,  although 
still  in  only  an  obscure  maimer;  for  instance,  we  understand  in 
this  way,  the  derivation,  production,  and  generation,  in  living 
bodies,  of  the  inferior  and  ultimate  univenal  essence  firom  th^ 
superior  and  supreme,  &c.  &c.  Let  us  now  consider  the  mem- 
bers of  this  head  one  by  one. 

509.  I.  The  pores  of  the  first  kind,  simply  bibulous  and 
feeding,  immediately  convey  the  elemental  food  thcU  they  sip  from 
the  ethereal  and  celestial  auras,  through  their  corporeal  {qq),  thus 

(qq)  Respecting  these  pores  and  fibres,  see  n.  504.  They  are  called 
venous,  because  they  flow  back  firom  the  last  boundaries  of  the  body 
to  the  first  in  the  brain  ;  those  being  arterial  that  flow  down  fi*om  the 
first  boundaries  in  the  brain  to  the  last  in  the  body.  The  former  bring 
the  aliments  for  the  conception,  generation,  and  nutrition  of  the  spirits, 
as  the  veins  for  the  conception,  generation,  and  nutrition  of  the  blood ; 
but  the  latter  diffuse  the  spirit  tiience  produced  through  the  universal 
kingdom,  as  the  arteries  diffuse  the  blood.  These  fibres  mount  by 
the  innermost  coat  of  the  arteries,  which  they  construct,  all  the  way 
to  those  ultimate  boundaries  (n.  507).  Respecting  this  coat,  Yer- 
heyen  says :  **  The  .  .  .  inner  coat  of  the  arteries  is  the  thinnest,  and 
almost  purely  membranous,  or,  if  the  reader  pleases,  nervous.  Its 
fibrillse  run  longitudinally,  at  right  angles  to  the  annular  fibres  of  the 
preceding  coat.  These  fibres  are  thicker  near  the  heart*'  (n.  507>  r). 
In  the  two  next  Parts  it  will  be  shewn,  that  the  same  coat  is  also 
continued  through  the  carotid  and  vertebral  arteries  to  the  cortical 
glands  of  the  cerebrum  and  cerebellum,  and  to  the  dneritious  glands  of 
the  medulla  oblongata  and  medulla  spinalis.  Landsi  also  seems  to 
have  suspected  that  it  conveys  alimentitious  humors  of  the  kind  alluded 
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vemm$,  fibres^  in  part  to  the  cortical  glands  of  the  brain,  which 
are  the  prime  laboratories  of  the  spirits  {rr).  For  there  are  three 
umrersal  essences  of  the  body^ — ^the  soul^  the  aBimal  spirit,  and 
the  red  blood ;  and  the  same  number  of  determinations,  fibres 
or  vessels,  out  of  which  onr  animated  bodies  are  fiE»hioned  or- 
ganically and  put  together.  One  essence  principally  derives  its 
being  and  its  possibilities  from  another  more  universal  and 
higher  than  itself;  hence  the  animal  spirit  derives  its  character, 
and  its  capability  of  living  and  acting  as  it  does,  from  its  soul ; 
but  the  blood,  from  the  spirit  {ss),  which  spirit  is  thus  the 
medium  by  which  the  soul  is  enabled  to  enter  the  depths  of  the 
blood  {tfj,  and  by  the  blood  to  be  infused  into  every  part.     But 

to,  or  prevents  them  from  fiying  off;  for  speaking  of  the  innermost  coat 
of  the  arteries,  he  says  that  it  **  answers  to  that  which  invests  the  inner 
surface  of  the  ventricles  of  the  heart,  and  which  is  composed  of  a  very 
thick  growth  of  villi,  and  alone  keeps  in  the  more  subtle  and  volatile 
particles,  which  without  it,  would  doubtless  escape  with  ease  in  great 
quantities.*'  (De  Motu  Cordis^  ^c, — De  Aneurysmatibus,  lib.  ii.,  cap.  i., 
prop.  vi. ;  and  in  our  Economy  of  the  Animal  Kingdom^  tr.  i.,  n.  121.) 

{rr)  It  is  the  common  opinion  of  the  best  informed  anatomists, 
that  the  cortical  glands  produce  the  so-called  animal  spirit ;  and  reason 
itself  supports  their  view :  for  these  glands  are  prefixed  to  the  fibres  in 
the  manner  of  supreme  heads ;  and  inasmuch  as  the  fibres  convey  this 
spirit,  and  exercise  the  vital  functions  of  the  body  by  its  means,  there^ 
fore  it  cannot  possibly  be  derived  from  any  other  springs,  organs,  or 
laboratories  than  the  cortical  glands.  But  we  shall  treat  of  this  subject 
in  the  Part  on  the  Cortical  Substance  and  the  Fibre.  These  vessels, 
the  corporeal  fibres,  do  not  terminate  until  they  arrive  in  the  cortex  of 
the  cerebrum  (n.  507). 

(m)  The  reader  may  see  this  a  little  more  fully  explained  in  Part  I., 
the  Chapter  on  the  Peritoneeum,  p.  487—489,  n.  313,  314  {g). 

{it)  It  was  shewn  and  illustrated  by  many  considerations  in  our 
Economy  of  the  Animal  Kingdom,  in  Treatise  I.,  on  the  Blood  and  the 
Heart,  that  the  animal  spirit  enters  as  the  principal  substance  into  the 
red  blood,  and  constitutes  its  vital  essence  (Ibid,,  n.  37—42) ;  and 
that  thus  we  have  to  consider  three  degrees  of  composition  in  the  red 
blood,  which  degrees  should  be  perceived  distinctly,  since  the  blood  is 
distinctly  compounded  into  each,  and  divided  into  each.  (Ibid.,  n.  91, 
92,  seqq.)  See  also  what  we  said  on  the  same  subject  in  the  present 
Work,  Part  II.,  p.  190,  n.  406  (o). 


Digitized  by  VjOOQ IC 


426  THB   ANIMAL   KINODOM. 

in  order  for  this  spirit  to  exists  choice  dainties  must  be  imbibed 
firom  the  celestial  auras^  and  the  nectar  of  the  ethers  must  be 
drank ;  in  other  words,  yolatile  chyles  must  be  attracted,  and 
carried  by  the  purest  vessels,  namely,  the  pores  now  nnd^ 
consideration,  all  the  way  to  the  little  factories,  where,  by  a 
high  process,  the  spirits  are  elaborated  {uu).  Hence  the  origin 
of  the  spirits,  like  that  of  the  blood,  is  by  means  of  aliments 
conyerted  into  chyle ;  except  that  in  the  latter  case  the  process 
is  performed  in  chemical  organs  of  a  different  construction,  as 
the  stomach,  the  intestines,  the  liver,  and  the  other  viscera. 
Consequently  an  analogous  conception,  generation,  and  nutri- 
tion, is  appointed  for  both, — ^for  the  spirit  as  well  as  the  blood,— 
but  for  the  one,  firom  invisible  or  ethereal  aliments,  sucked  in 
by  the  innumerable  little  mouths  of  the  skin ;  for  the  other, 
firom  visible  food,  taken  firom  the  earth's  three  kingdoms  by  the 
one  mouth  of  the  Ups.  The  spirit,  thus  conceived,  generated 
and  nourished,  is  instantly  poured  forth  by  its  cortical  glands 
into  the  fibres  with  which  they  are  connected, — ^into  the  medul- 
lary fibres  in  the  brain,  and  into  the  nervous  fibres  in  the  body; 
to  be  inserted  into  all  the  globules  of  the  blood,  and  produce 
the  life  of  the  body.  The  existence  of  feeding  pores  and  subtly 
chyliferous  fibres  or  vessels  of  this  kind,  is  convincingly  demon- 
strated, 1.  By  those  who  have  continued  fcur  months,  years, 
and  still  longer  periods  [lustra],  without  visible  and  terrestrial 
£bod,  and  whose  life  has  been  renewed  firom  day  to  day  with 
blood  (j?ar).     2.   To  say  nothing  of  various  species  of  living 

(uu),  The  corporeal  fibres  mentioned  above  do  not  terminate  until 
they  arrive  in  the  cortical  substances,  where  are  the  first  boundaries 
firom  which  the  fibres  run  forth  (n.  507). 

(xx)  Respecting  the  subjects  of  adipsia,  or  those  who  have  ab- 
stained firom  food  for  long  periods  of  time^  see  Simon  Majolus,  Caspar 
a  Reies,  Marcellus  Donatus,  John  Schenck^  Daniel  Sennertus,  John 
Jonston,  John  Rudolph  Camerarius,  Quercetanus  rediviyus  [Joseph 
Duchesne],  Martin  Schurig,  and  other  writers.  [See  Part  II.,  p.  188, 
n.  406  (k).]     ^Christ.  Mich.  Adolphus  relates  the  case  of  a  Silesian  girl 

*  The  cases  in  note  Ofx)  are  taken  from  Martin  Sdmrig,  Chylologia  Hutorieo- 
JfnKca,  cap.  iy.,  De  Ariiia  et  Adipsia,  p.  175—204 ;  4to.,  Dreads,  1725.  The 
following,  with  some  correction,  are  the  anOorities  given  in  Schurig's  work  :— 
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oreatures^  that  liye  for  whole  winters,   and  even  for  ages 

who  took  no  food  for  nine  months.^  Alexander  Benedictus,  of  a  per- 
son at  Venice  who  took  no  food  for  forty-six  days.**  Johannes  Mat- 
thseus  Hessus  mentions  several  similar  cases  from  other  anthors ;  for 
example,  of  a  native  of  Almeria  who  neither  eat  nor  drank  for  fonr 
months :  of  one  Margareta  Rhodia  who  took  no  sustenance  for  more 
than  sixteen  months :  of  a  young  female,  a  native  of  Gkrmany,  with 
whom  this  was  the  case  for  two  years.<^  Johannes  Wier  gives  an 
account  of  Henricus  ab  Hasselt,  who  abstained  on  two  occasions  for 
forty  days.^  Paulus  Lentulns  has  published  a  little  treatise  respecting 
one  Apollonia  Schreiera,  who  abstained  for  eighteen  years ;«  and  Josephus 
Quercetanus^  and  Gregorius  Horstiuss  have  also  made  mention  of  the 
same  person.  Another  instance  is  that  of  a  girl  at  Spire,  Margareta 
Seyfritia  bj  name,  whom  Ferdinand,  king  of  the  Romans,  in  1542, 
consigned  for  the  purpose  of  observation  to  the  charge  of  his  own  phy- 
sician and  another  person,  both  extremely  trustworthy  men :  and  Gre- 
rardus  Bucoldianus,  physician  to  the  king,  and  a  witness  difficult  to 
deceive,  declares  that  this  girl  took  no  food  from  1530  to  1540,  and 
[again]  after  this,  not  for  three  years.**  Johannes  Langius  also  men- 
tions the  case.*  Guil.  Fabricius,  Hildanus,  gives  an  account  of  a  girl 
at  Cologne  who  abstained  for  three  years  ;^  and  of  a  girl  at  Meurs, 
named  Eva  Ton  gen  End,  alias  Eva  flegen,  who  abstained  for  sixteen 
years.*  Johannes  Wolffius,  of  a  girl  living  near  the  town  of  Commercy, 
in  the  district  of  Toul,  with  whom  this  was  the  case  for  ten  months  ;°> 
and  Petrus  Gregorius  relates  that  the  asitia  of  this  patient  lasted  for 
twelve  years."  Franciscus  Citesius  relates  the  case  of  a  girl  (Johanna  Ba- 
1am)  living  at  Confolent,  who  remained  without  food  for  fourteen  years.o 

»  Bpkemerid.   Aead.   Nat.  CmrUm.,  cent.  vii.  &  TiiL,   obf.  34,  p.  81»   82; 

Norib,  1719. 
b  DeBe  MedicA,  lib.  zi.,  cap.  x.,  p.  204 ;  fol.,  BasU.,  1649. 
c  QiMSf/ton.  Medic.,  qoaest.  v.,  p.  26 ;   12o.,  Franc,  1503. 
<t  De  Comment,  J^un,,  opcr.,  p.  761 ;  4to.,  Amstelod.,  1660. 
c  Hittor.  Adndrand,  de  prodigioeiL  Apolkm,  Schreiera  Ihedid, 
f  DUttet.  Polyhittor.y  aect.  u.,  cap.  iv.,  p.  173-175 ;  Svo.,  lips.,  1607. 
g  ImitU.  Medic,  dispat.  iii.,  op.,  torn.  L,  p.  141 ;   also  torn,  ii.,  lib.  ii.,  obs. 

29,  p.  97;  and  lib.  xi.,  obs.  1,  p.  519;  fol.,  Norimb.,  1660. 
h  De  PueUa  qua  nne  Ctbo  et  Potu  Vitam  tranngit. 
i  Mediein,  EpiitoL,  lib.  ii.,  epist.  zxvii.,  p.  604  ;  Hanov.,  1605. 
k  Ode.  dururg.y  cent.  iL,  obs.  40,  p.  116;   Opera,  Franc,  1646. 
1  Ibid.,  cent,  v.,  obs.  33,  p.  413. 
^  Leci.  Memorabil.,  cent,  iz.,  p.  218;  Lauingte,  1600. 
»  Syntax.  Art.  mtV.,  torn,  i.,  lib.  xxxv.,  c.  x.,  p.  399 ;  8to.,  Colon.,  1610. 
^  Abetimene  Cot^fblentanea. 
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[states],  upon  no  other  tlian  invisible  support  (y).  8.  By 
those  airs  or  breaths  by  which  we  are  immediately  refireshed, 
exhilarated,  and  revived;  or  on  the  other  hand,  with  equal 
suddenness,  deprived  of  sensation,  thrown  into  swooning,  or 
killed  outright.  4.  By  sympathetic  exhalations,  whence  love 
for  which  we  cannot  account;  or  antipathetic  exhalations, 
whence  dread  (which  often  runs  in  families)  when  certain 
objects  are  present,  although  not  perceived  by  either  smelling 
or  sight  {z).    In  part  to  the  pulmonic  cells,  which  are  the  [Uttle'] 

See  also  the  account  of  brother  Nicolas^  a  hermit,  who  did  the  like  for 
nineteen  years  and  six  months.P  Of  a  boy  in  Brunswick,  who  lived  in 
this  way  for  four  years,  as  mentioned  by  Gregorius  Horstius.^  Of  a 
girl  at  Halberstadt,  who  lived  for  ten  years  without  food,  [although  not 
without  drink,]  as  stated  by  Daniel  Sennertus.''  Of  a  Norwegian  girl 
who  abstained  for  [nearly]  a  whole  year,  [only  eating  and  drinking 
when  compelled  to  do  so,]  as  stated  by  Caspar  Bartholin.*  Of  [one 
Esther  Johanna],  a  Swedish  maid,  bom  in  the  village  of  Norre  Oby,  in 
Scania  [Schonen],  who  abstained  from  food  for  ten  years,  and  from 
drink  for  eight,  and  whose  case  was  carefully  watched  by  many ;  and  is 
treated  of  by  Job.  Jac.  Doebelius,*  Professor  of  Medicine  in  the  Uni- 
versity of  Lund,  and  by  Jesper  Swedberg,^  Doctor  of  Theology  and 
Bishop  of  Scara,  my  beloved  father. 

(y)  As  is  perfectly  well  known  to  be  the  case  with  vipers  and  other 
serpents,  with  crocodiles,  swallows,  the  chameleon,  the  ostrich,  the 
balm  cricket ;  nay,  even  with  those  most  voracious  creatures,  bears, 
which  entering  their  winter  dens  with  their  cubs,  lie  through  the 
brumal  months  without  a  chance  of  food,  sucking  their  paws  with  a 
constant  murmuring  sound,  and  yet  meanwhile  are  not  emaciated,  but 
if  anything  fattened ;  as  shewn  by  those  that  have  been  roused  up,  and 
driven  from  their  lurking-places,  &c.    [See  Part  II.,  p.  188,  n.  406  (I)'], 

(r)  As  may  appear  from  the  antipathy  [which  some  persons 
have]  to  different  objects  of  the  animal  kingdom,  as  cats,  mice,  wasps, 

P  PMlotophia  Myttiea,  p.  100 ;  4to.,  Neostadt,  1618. 

q  Opera,  lib.  xi.,  obs.  1,  p.  519 ;  fol.,  Norimb.,  1660. 

>*  Medicma  PracHca,  lib.  iii.,  part,  i.,  sect,  i.,  cap.  ii.,  p.  385 ;  op.,  torn.  iy. ; 
Lugdun.,  1676. 

8  Act,  Med,  et  Philos.  Hqfn,,  vol.  !.,  obs.  139,  p.  292,  293 ;  an.  1671,  1672. 

t  Hutoria  Inedi4B  diutuma  Ettherte, 

tt  I  haye  not  been  able  to  meet  with  Bishop  Swedberg's  narratiye,  but  tee  the 
BrUith  Magaxme,  Sept.,  1746,  p.  252,  253,  where  there  is  a  translation  of  part  of 
a  letter  from  him  to  the  Bishop  of  Bristol  on  the  subject  of  Esther  Johanna,  there 
called  Estrid.— C7V.^ 
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rifeciories  of  the  bloody  and  the  preparatories  that  change  it  from 
venous  to  arterial.    For  in  these  cells^   the  bloody  (which  is 
squalid^   lurid  and  dark  when  carried  thither  firom  the  right 
chamber  of  the  hearty)   by   mixture  with  this  aliment^   ac- 
quires its  bloom^  beam^  and  vital  flame :  for  the  more  large] j 
the  blood  feeds  on  this  ethereal  dessert,  the  more  bright  and 
refulgent  is  its  life ;  wherefore  it  passes  firom  these  banqueting- 
rooms  of  the  lungs  into  the  left  chamber  of  the  heart,  no  longer 
venous  as  before,  but  almost  arterial  (a).    In  part  to  the  Itft 
chamber  of  the  heart, — the  starting-place  from  which  the  blood 
comes  forth,  now  a  second  time  fed  with  celestial  food.    For  there 
«re  three  common  fountains  of  life,  the  brain,  the  lungs,  and 
the  heart :  to  these,  as  we  said  above,  the  atmospheric  world 
and  the  terraqueous  globe  fly  with  one  accord,  with  their  ali- 
ments and  genial  gifts.     From  these  the  brain  derives  its  food ; 
the  lungs  and  the  heart,  theirs ;  but  at  stated  times.    The  brain 
pours  forth  the  spirit  and  blood  that  it  eliminates  therefrom, 
into  the  right  chamber  of  the  heart ;  but  the  lungs  pour  forth 
theirs  into  the  left  chamber.    Thus  both  guests, — ^the  brain  as 
well  as  the  lungs, — convey  their  chyle,  their  spirit,  and  their 
blood  elaborated  therefirom,  or  to  be  elaborated,  into  both  cham- 
bers of  the  heart ;  and  there,  as  in  a  public  and  common  resort, 
spread  their  table  :  and  if  anything  be  wanting,  the  heart  brings 
it  forth  out  of  its  own  system  [prsecordia],  to  which  similar 
feeding  fibres  run  {b).    Thus  every  fibre  and  vessel  is  provi- 

hedgehogs,  and  to  particular  men  t"'  or  to  objects  of  the  v^etable  and 
animal  kingdom,  as  cheese,  batter,  the  flesh  of  certain  birds,  fishes — - 
herrings,  for  instance,  berries,f  &c.  Not  to  dwell  upon  those  things  that 
proceed  from  the  ground  of  imagination,  having  been  previously  per- 
ceived by  sight  or  one  of  the  other  senses.  And  a  similar  natural  ab- 
horrence occurs  in  all  species  of  animals,  not  merely  when  they  see  the 
enemies  and  destroyers  of  their  race,  but  even  when  they  detect  them 
by  the  mere  force  of  exhalations. 

(a)  On  this  subject  see  Part  II.,  the  Chapter  on  the  Lungs,  p.  183 
— 191,  n.  406 ;  and  the  Economy  of  the  Animal  Kingdom,  tr.  i.  n.  50. 
These  vessels  do  not  terminate  in  the  body  until  they  arrive  in  the  pul- 
monary vesicles.     (See  above,  n.  507,  t.) 

*  See  Schorig,  Op.  CiL,  cap.  iu.,  De  NauHfLeiAnHpathiA,^,  155-^162.  (Tr,J 
t  See  Ibid,,  p.  105—123.     (Tr,) 
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noned  and  supplied  firom  this  cuticular  and  universal  market  (c) : 
use  and  want  in  this  place  regulating  and  dispenring  the  quantity 
[and  qtuditt/]  of  this  atiment. 

510.  II.  But  the  pores  of  the  second  kind,  which  we  have 
termed  ducts,  simply  expiratory,  put  to  flight  and  exterminate  the 
ifyurious  and  recrementitiaus  matters  that  ittfest  the  purer  blood 
and  the  spirit,  that  irritate  the  interstices  of  the  fibres  [and  of 
the  nervous  fascicles'],  and  that  beset  the  lesser  cutaneous  parts  {d). 
The  problem  of  the  genesis^  origin,  and  nature  of  the  ezhala^ 
tions  that  tranqpire  in  such  abundance  through  the -substance  of 
the  pi^illary  cutis,  full  as  it  is  of  clefts  and  dotted  all  oyer  with 
pores, — whether  these  exhalations  proceed  from  the  little  arte- 
ries, or  from  the  nervous  fibres;  or  from  the  serous  current  of 
the  red  blood ;  or  from  the  lymphatic  stream  of  the  prior  or 
pellucid  blood; — ^this  problem  cannot  be  settled  by  the  eye,  by 
the  microscope,  or  by  anatomy ;  but  its  solution  may  be  inferred 
by  tracing  phenomena  and  e£Fects  to  their  causes;  especially  by 
comparing  together  the  generation  and  subsistence  of  the  two 
kinds  of  blood  respectively,  the  red  and  the  pellucid  [e).    By 

{b)  The  heart  is  not  only  a  mixing  vessel  and  cauldron,  but  also  a 
diemical  organ  for  preparing  liquids  to  enter  the  composition  of  the 
blood.  (Econ.  A,  JT.,  tr.  i.,  n.  453—457.^ 

(c)  By  these  means  it  is  most  wisely  ordained,  that  whatever  exists 
in  the  world  or  universe  of  nature, — ^whatever  is  laid  up  in  the  great 
bosom  of  things, — shall  minister  and  yield  compliance  to  the  subjects  of 
the  animal  kingdom,  and  preeminently  to  their  blood.  (Part  II.,  p.  191> 
n.  406.) 

{d)  Respecting  these  pores  of  the  second  kind,  and  their  origin, 
nature,  and  function,  see  above,  n.  505.  At  present  we  are  chiefly 
occupied  with  the  material  of  their  expiration ;  for  if  we  wish  to  unfold 
the  use  of  all  things,  it  is  not  enough  to  escamine  and  consider  the  con- 
tinent alone,  but  we  must  also  take  equal  account  of  the  content,  by 
which  means  at  last  both  the  function  and  use  are  displayed  before  us. 

{e)  There  are  two  kinds  of  blood,  a  grosser  blood,  and  a  purer 
blood,  and  the  former  is  red,  the  latter  transparent.  (Econ.  A.  JT.,  tr.  i.» 
chap.  I.,  On  the  Composition  and  genuine  Essence  of  the  Blood.)  For 
it  has  been  discovered  by  the  practical  researches  of  many  anatomists, 
and  of  Leeuwenhoek  in  particular,  that  the  globules  of  the  red  blood 
in  the  least  arterial  capillaries  suffer  themselves  to  be  resolved  into  pel- 
lucid globules ;  so  that  nothing  runs  through  the  lesser  canals  of  the 
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this  means  we  understand^  that  as  the  blood  renowned  for  its 
redness  is  conceiYed  and  bom  from  its  chyle,  and  thenceforth  is 
constantly  poured  around  in  its  vessels  j  so  also  the  purer  blood, 
still  more  illustrious  for  its  whiteness,  is  conceived  and  bom 
from  a  chyle  of  the  finest  kind,  similar  to  the  lymph  in  the  ar- 
ticulated vessels  termed  lymphatics.  The  serum  of  both  these 
kinds  of  blood  requires  to  be  lustrated  and  cleansed  of  its  impu* 
rities  and  off-scourings  (/) ;  that  of  the  red  blood,  by  the  pa- 
]^lke,  pelvis,  and  ureters  of  the  kidneys,  and  all  over  the  sur&ce, 
by  the  miliary  glands  of  the  cutis ;  that  of  the  white  blood,  by 
similar  but  smaUer  forms,  disposed  in  the  universal  cuticular 
circumference  of  the  body ;  and  which  are  the  pores  at  present 
under  consideration,  whose  spiracles  open  in  the  sequestered  re- 
cesses or  furrows  of  the  epidermis.  These  remarks  illustrate 
the  nature  of  this  effluvial  vapor;  but  with  respect  to  the  tprtnga 
from  which  the  subtle  but  hurtful  lymph  is  expelled  before  it  is 
derived  into  these  its  little  tubes,  if  we  closely  consider  the  fol- 
licles, papillae,  vessels,  and  fibres  of  this  part,  three  ways  are 
opened  to  us :  the  first,  through  the  extreme  arterial  twigs,  or 

srteries  but  the  purely  sangmneous  essence,  set  free  by  the  resolution 
of  the  ^bules  of  the  red  blood ;  wherefore  the  volume  of  such  [essen- 
tial] globules  cannot  be  called  by  any  other  name  than  that  of  the 
prior^  purer,  or  pellucid  blood.  But  this  blood  is  actually  the  yetj 
fymph  that  the  lymphatic  vessels  absorb,  and  carry  back  through  the 
tlioracic  duct  into  the  red  blood.  (Part  I.,  the  Chapter  on  the  Gkuida 
generally,  p.  237,  n.  181 ;  and  the  Chapter  on  the  Thoracic  Duct,  p. 
213,  214,  n.  162.)  In  an  absolute  sense,  indeed,  the  purer  or  pellucid 
blood  is  the  animal  spirit,  which  floats  in  its  lymph,  as  the  red 
part  of  the  blood  floats  in  its  serum :  wherefore  the  former  kind  of 
blood,  or  the  spirit,  is  in  like  manner  beset  and  surrounded  by  a  serum, 
but  of  the  most  refined  and  dehcate  character,  and  properly  termed 
lymph;  for  it  is  prepared  and  fed  in  the  same  manner  as  the  red 
blood,  but  on  the  purest  or  ethereal  aliments,  as  explained  in  the  pre- 
ceding paragraph.  I  am  now  going  to  shew,  that  the  recrement  of 
this  latter  serum,  but  not  of  the  serum  that  flows  around  the  globules 
of  the  red  blood,  is  the  very  thing  that  these  pores  throw  out.  For  as 
these  sera  are  perfectly  distinct  in  origin,  nature,  and  function,  so  also 
their  excretions  are  not  confounded. 
(/)  See  just  above,  note  (e). 
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through  the  ultimate  vascular  foliage^  that  proceeding  from 
those  twigs,  and  subdividing  and  splitting  repeatedly,  covers 
round  the  papillae  like  a  coat  of  leaves,  and  into  which  injec- 
tions of  wax  or  spirit  are  alike  unable  to  penetrate  (g).  The 
second,  from  the  interstices  of  the  fibres  collected  into  bundles 
within  each  subcutaneous  nerve,  which  fibres  bare  themselves  in 
this  ultimate  station,  and  put  off  their  coats  (A).  The  third, 
from  the  circumscribed  empty  spaces  surrounding  the  vessels, 
threads,  plexiform  trabecular  bands,  glands,  and  bulbs  that 
beset  the  corium ;  in  which  there  is  a  humor,  volatile  vapor, 

(ff)  I  endeavored  to  shew  in  the  Analysb  of  the  Kidneys,  (Part  I., 
p.  436-— 441,  n.  288,  289,)  that  the  obsolete  and  sluggish  serum  in 
expunged  from  the  genuine,  fluid,  and  red  blood,  into  lateral  branches ; 
and  this  by  processes  of  circuition ;  consequently  from  the  arterial  ves- 
sels into  the  stamina  that  constitute  the  cortical  substance  of  the  kid- 
neys, from  these  into  the  tubuli  Beliiniani,  and  so  on,  into  the  pelvis 
and  the  ureters.  The  same  plan  of  discharge  is  put  in  practice  here, 
but  not  from  the  arterial  vessels  immediately,  but  from  their  little 
branches  split  into  finer  divisions.  For  in  order  that  the  recrementi- 
tious  portion  of  the  serum  of  the  purer  blood  may  be  thrown  out,  it 
has  to  be  separated  in  the  first  instance  from  the  side  of  the  grosser  or 
red  blood,  which  can  only  be  done  by  repeated  splitting  of  the  ramifi- 
cations. Thus  the  mode  of  dischuge  for  the  purer  substances  is 
strictly  analogous  to  that  adopted  on  a  large  scale  in  the  kidneys.  The 
mind  will  have  no  possibility  of  doubting  that  the  arteries  are  split 
into  offsets  of  such  exceeding  fineness,  if  it  well  consider  those  little 
arterial  leaves  with  which  the  papilla  is  surrounded,  and  which  invest 
this  very  pore  in  the  shape  of  a  fine  membrane.  From  this  principle 
we  deduce,  that  no  serosity  but  the  very  finest,  and  which  belongs  to 
the  family  of  the  purer  blood,  is  squeezed  out  through  these  pores. 

(A)  Not  only  are  the  fibres  themselves  permeable,  like  UtUe  canals, 
but  even  their  very  interstices  are  the  same,  particularly  those  lying  be* 
tween  the  fascicles  of  the  fibres,  as  will  be  shewn  by  many  considera- 
tions in  the  Part  on  the  Cerebrum,  and  the  Chapter  on  the  Arachnoid 
Membrane,  and  on  the  sinuous  fissures  of  the  cortical  and  medullary 
substances  ;  and  in  the  Part  on  the  Fibre.  For  where  no  moisture  in- 
terflows, one  part  grows  to  another ;  although  life  consists  in  the  most 
distinct  activity  of  the  parts.  In  the  same  places  it  vrill  be  shevm,  that 
the  little  tunics  that  surround  the  fibrillary  bundles  at  last  leave  them 
in  the  extremes,  and  give  the  enclosed  humor  room  to  escape. 
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and  creeping  unguent,  that  moistens  the  joints,  and  smears 
them  over,  to  prevent  them  from  growing  to  the  adjacent 
parts  (f).  We  know  from  the  nature  of  this  abundant  moisture, 
that  such  is  its  source ;  as,  on  the  other  hand,  we  know  from 
its  source  that  this  is  its  nature:  consequently,  from  the 
characters  of  the  matter  exhaled;  1.  As  being  not  simply 
aqueous,  but  ammoniacal  [volatiU  salin&] ,  sulphureous,  flamy, 
phosphoric,  unctuous,  as  from  so  many  signs,  we  know  that  it 
has  been  either  a  very  thin  lymph  in  the  little  arteries,  or  a 
sluggish  humor  in  the  nervous  fascicles,  or  else  a  soft  unction 
surrounding  the  corpuscules  and  bands  of  the  cutis  (*).     We 

(t)  On  this  subject  see  Part  II.»  the  Chapter  on  the  Thymus  Gland, 
p.  269,  270,  n.  433,  where  the  following  words  occur :  "  Wherever 
there  are  cavities,  openings,  hollow  recesses,  or  rimose  interstices,  .  .  . 
there  must  be  some  humor,  volatile  vapor,  and  self-diffusing  unguent, 
that  will  imbue  and  besmear  the  .  .  .  joints.  Were  there  not  a  con- 
stant spring  and  stream  of  some  unctuous  moisture  of  the  kind,  the 
passages  would  close,  the  pores  would  become  incapable  of  perspiring, 
the  adjacent  parietes  would  grow  together,  and  the  boundaries  between 
things  would  be  confounded ;  an  iuihstinct,  confused,  and  indetermina- 
ble mass  would  be  the  result ;  the  forces  of  powers,  the  motions  of 
forces,  the  actions  of  motions,  and  the  lives  of  actions,  would  fall  into 
chaos  or  nothingness  :  the  ruin  of  generals  would  involve  the  ruin  of 
singulars  ;  in  short,  the  fate  of  continuous  quantities  would  also  be  the 
fiite  of  discriminated  quantities,  and  vice  versaJ**  See  also  ibid., 
note  (a). 

(k)  On  this  subject  Boerhaave  says:  "We  may  now  see  what  is 
the  material,  and  what  the  cause,  effect,  necessity,  and  use  of  this 
perspirable  humor,  and  that  it  is  primarily  designed  for  maintaining 
the  flexibility  and  softness  of  parts,  and  compensating  their  losses  :  in 
fact,  that  its  main  purpose  is  to  enable  the  nervous  papillae  to  be  and 
continue  moist,  lively,  apt  to  be  affected  by  objects,  and  quick  to 
transmit  their  impressed  effects."  (Inst.  Med.,  n.  432.)  In  order 
then,  agreeably  to  the  assertion  of  this  illustrious  man,  that  the  pa- 
pilla may  remain  in  perfect  readiness  to  assume  changes  of  state,  ac- 
cording to  every  affection  of  the  body,  interior  and  exterior,  it  is 
necessary,  that  both  the  fibres  of  which  it  is  constructed,  and  the 
little  arteries  by  which  it  is  covered,  as  well  as  the  vessels  up6n  which 
it  is  spread,  should  constantly  throw  from  them  all  those  hindrances 
with  which  they  are  troubled.     For  the  sake  of  the  common  function 

VOL.  II,  PAET  III.  CHAP.  I.  F  F 
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know  this^  2.  From  the  extreme  sabtlety  of  the  same  matter. 
8.  From  its  ahnost  inexhaustible  abundance  (/) ;  as  plainlj  shewn 
by  calculation ;  b j  the  effluvia  smelt  by  dogs ;  by  the  perpetual 
reappearance  of  the  same  matter  after  it  has  been  washed  off  (m); 
and  by  the  lai^e  extent  of  the  circumference  of  the  body^  which 
is  its  field.  For  essences  are  universal  in  proportion  as  they  are 
pure,  and  in  the  same  proportion  are  luxuriantly  abundant^  and 
subject  to  nice  and  unremitting  elimination.  4.  Also  from 
frictions,  scarifications,  tremblings,  menstrua,  tinctures,  magis- 
teries,  aperitive  plasters,  blisters,  or  substances  determining 
to  a  particular  part  of  the  surface,  and  other  similar  methods 
and  means,  by  the  application  of  which,  not  only  the  humor 
stagnated  in  undue  quantity  in  the  skin,  but  also  that  collected 
and  condensed  in  the  extreme  arterial  threads,  and  even  in  the 
nerves  besmeared  with  viscid  lymph,  is  diminished  and  eradi- 
cated. 5.  Thus  where  the  ethereal  food  has  made  itself  an 
inlet,  it  has  made  itself  an  outlet  also;  that  the  one  thing 
might  follow  dose  upon  the  other.  But  there  are  not  wanting 
lymphatics  and  veins,  that  gather  the  valuable  matters  with 

and  use  of  the  parts  mentioiied, — to  preserve  the  states  ot  thdr  pa- 
pilke  and  of  their  sensation^ — these  three  sources  of  this  perspiration 
through  the  pores  or  passages  now  spoken  of^  camM>t  in  anywise  be 
separated. 

(I)  Respecting  its  abundance,  Boerhaave  says:  **  Hence  its  quantity 
IB  greater  than  that  of  all  the  other  excretions  put  together.  In  &ct, 
in  the  dimate  of  Italy,  in  a  person  in  the  prime  of  life,  who  enjoys 
easy  circumstances  and  takes  moderate  food,  the  perspiration  which  ex- 
hales from  the  external  skin,  the  mouth,  and  the  nares,  is  equal  in 
weight  to  five-eighths  of  the  aliment  taken  into  the  body"  (n.  479). 

(m)  **  Several  times,"  says  Leeuwenhoek,  **  I  applied  a  clean  piece 
of  glass  for  a  moment  to  the  face  ;  .  .  .  and  when  I  submitted  the  g^ass 
to  the  microscope,  I  found  it  much  stained  with  fat.  Afterwards,  hav- 
ing cleaned  the  glass,  I  wiped  ...  the  face.  . .  .  Then  ...  I  again 
I4>plied  the  glass  to  the  dean  skin.  And  on  again  submitting  the  glass 
to  the  microscope,  I  saw  so  incredible  a  quantity  of  fatty  and  most 
minute  halitus  settled  upon  it,  as  scarcely  any  one  can  conceive  without 
witnessing.  After  this,  I  repeatedly  wiped  the  sldn  with  a  perfectly 
clean  towel :  .  .  .  and  .  .  .  applied  the  glass  to  the  face.  And  when  I 
looked  at  it  as  before,  I  again  saw  the  fatty  halitus"  (n.  478). 
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their  little  mouths,  lest  these  too  should  fly  away  at  the  same 
time,  and  that  restore  them  to  the  two  kinds  of  blood  (n). 

611.  III.  But  the  ducts  of  the  third  kind,  more  properly 
caUed  tittle  canals,  in  nature  and  office  both  excretory  and  adduc- 
tory,  thus  hermaphrodite,  purge  the  arterial  blood,  the  stUffacent 
fat,  the  muscles,  and  the  integuments  of  the  viscera,  that  is  to  say, 
the  peritomeum  and  the  pleura,  of  their  grosser  impurities,  when 
the  outlet  through  the  other  doors  provided  by  nature  is  not  avail' 
able  (o).  As  the  pores  of  the  second  kind  lustrate  and  rescue 
the  higher,  interior,  and  more  excellent  blood  that  runs  through 
the  fibres  as  its  arteries,  so  these  of  the  third  kind  lustrate  and 
rescue  the  lower  blood,  the  proper  native  of  the  body,  from 
disorderly,  antiquated  and  worthless  matters,  which  will  be  of 
no  further  moment  in  the  life  of  the  body,  and  throw  them  out 
in  the  form  of  sweats.  A  number  of  circumstances  shew  that 
they  thus  purify  and  cleanse,  1.  The  blood;  namely,  the  con- 
tinuous derivation  of  those  ducts  firom  the  miliary  glands,  their 


(»)  **  Upon  all  the  muscles,"  says  Boerhaave,  **  under  the  skin,  is 
spread  a  cellular  membrane,  ftimished  with  arteries^  veins,  nerves* 
lymphatics,  and  oil-cells."  (Inst.  Med.,  n.  416.)  The  little  mouths 
not  only  of  veins  but  also  of  lymphatics,  are  present  and  at  hand 
wherever  the  humors  are  scattered  abont ;  and  this,  to  reabsorb  those 
matters  that  are  kindly  to  the  blood ; — ^the  veins,  those  matters  that 
belong  properly  to  the  red  blood ;  the  lymphatics,  those  that  belong  to 
the  purer  blood  and  to  the  spirit.  (Part  I.,  p.  221,  222,  n.  169  (a) ; 
p.  237—239,  n.  181,  182  («) ;  the  Chapter  on  the  Kidneys,  p.  448, 
n.  291  (m) ;  Ptot  H.,  p.  176,  177,  n.  405.)  For  it  b  a  matter  of 
scmpnlous  and  incessant  care,  to  prevent  hamors,  distinct  in  origin 
and  nature,  fVom  being  confounded  in  the  so  diverse  and  yet  so  wonder- 
fully connected  vessels  of  this  tumultuous  kingdom ;  for  the  lymphs 
that  belong  to  the  purer  blood  have  a  higher  sphere,  function,  and  use, 
than  the  sera  of  the  grosser  blood ;  wherefore,  as  the  vessels  are  dis- 
tinct in  the  body,  so  also  the  pores,  which  are  the  means  of  afibrding 
them  an  inlet  and  outlet,  are  distinct  in  the  skin.  For  the  passages 
that  draw  off  and  purify  the  properly  sanguineous  serum,  proceed  fVom 
the  glands  of  which  we  are  now  to  treat. 

(p)  See  what  we  said  above  (n.  506)  respecting  the  origin,  nature, 
and  function  of  these  ducts  or  little  canals. 
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heads  and  springs  {p) :  the  intestinular  fabric  of  the  glands  (q), 
which  are  thus  enabled^  by  their  flexures  and  circuitous  courses, 
exactly  as  in  the  kidneys,  to  proscribe  and  extort  fix)in  the 
blood  those  matters  that  flow  languidly  and  inertly  (r) :  the  con- 

(p)  These  little  canals  proceeding  towards  the  surface  of  the  cutis, 
issue  as  emissaries  from  the  cutaneous  glands.  See  above,  n.  506  (g), 
jmd  compare  also  what  Winslow  says  of  the  same  glands,  n.  475. 

(q)  The  vessels  weaving  the  glands  are  stated  by  Winslow  to  be 
analogous  to  intestines  in  their  tortuosity  and  circumvolution.  **  The 
late  M.  Duvemay/'  says  he,  "  clearly  demonstrated  to  the  Royal 
Academy  of  Sciences,  the  structure  of  some  of  these  cutaneous  glands, 
which  appeared  Uke  drcumvolutions  of  small  intestines,  plentifully 
supplied  with  capillary  vessels"  (n.  475).  Swammerdam  found  similar 
structures  in  the  cancellus,  if  not  in  the  cutis  itself,  yet  under  it  when 
divided,  and  which  likewise  had  their  origin  from  arteries,  and  went 
towards  the  pyloric  orifice  of  the  stomach.  From  these  a  conclusion 
may  be  formed  by  analogy  respecting  other  cases.  Our  Author's  de- 
scription is  as  follows :  **  On  removing  these  integuments,  we  come  to 
a  great  number  of  white,  glistening  filaments,  which  are  put  together 
with  beautiful  regularity,  so  as  to  cover  a  vast  number  of  little  parts, 
all  exquisitely  arranged,  and  in  external  appearance  resembling  intes- 
tines. By  tracing  these  white  filaments  to  their  origin,  I  saw  that  they 
were  the  blood-vessels.  .  .  .  What  I  at  first  took  for  little  intestines, 
were  all  appendages,  sometimes  single,  and  sometimes  divided ;  these 
were  of  a  tubular  structure,  and  wbitisb  color,  and  contained  a  matter 
separated  into  dissimilar  parts,  and  condensed  into  serum  and  coa- 
gdum"  (n.  481). 

(r)  Respecting  the  mode  in  which  the  serum  of  the  blood  is  expur- 
gated in  the  kidneys  by  the  circumflexion  of  the  arteries,  see  P^urt  I., 
p.  437,  438,  n.  288,  where  the  process  is  described  in  these  words : 
"  The  red  or  globular  blood,  considered  separately  firom  the  accompany- 
ing serum,  when  driven  by  a  slight  impulse,  tends  to  flow,  and,  where 
it  has  an  opportunity,  actually  does  flow,  in  gyres  and  spiral  meanders  ; 
for  its  nature  whirls  and  incites  it  into  forms  of  the  kind.  Not  so  the 
serum,  especially  what  is  rough,  uneven,  sluggish,  inert  and  gravitat- 
ing, and  lends  no  assistance  of  its  own  to  any  motive  force :  when  such 
serum  is  acted  upon,  it  neither  endeavors,  nor  is  able,  to  run  forth  in 
any  but  straight  lines,  in  the  direction  of  its  tangent, — ^it  is  dragged 
unwillingly  into  every  curve  that  it  describes:  hence  it  scrapes  and 
presses  heavily  against  the  sides  of  circumflexed  vessels,  and  flies  off 
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tinuous  and  plexiform  arterial  textures  that  enfold  the  gland» 
with  their  knotted  ends^  so  that  [the  glands]  are  the  bases  and 
supports  of  their  terminations^  and  their  centres  of  conflux  {s). 
And  many  considerations  shew,  that  they  alsa  purify,  2.  The 
fat ;  namely,  the  close  vicinity  of  the  glands  to  the  fat,  with 
which  indeed  they  are  mostly  in  contact  [t) :  the  connexion  and 
conjunction  of  the  two  by  the  vessels  that  pass  and  repass  be- 
tween them ;  and  the  fact  resting  upon  ocular  evidence,  that 
the  fat  does  flow  into  similar  vessels  (t«) ;  the  sweat,  which  is 
spoiled  and  polluted  not  only  with  serous  and  dirty  waters,  but 


through  all  the  foramina  and  little  months  which  open  on  the  walls  of 
the  arteries,  and  through  the  little  tubes  proceeding  therefrom,  still 
following  the  direction  of  the  impulse  received/'  See  also  what  was 
said,  Part  I.,  p.  440,  441,  n.  289. 

{s)  Respecting  the  sanguineous  plexuses  of  the  cutis,  superior  and 
inferior,  see  the  observations  cited  above  from  Ruysch  and  Winslow, 
n.  497  {d),  and  505  (y). 

{t)  "  These  granules  [the  glands],"  says  Winslow,  "  are  partly  im- 
bedded in  the  substance  of  the  cutis,  in  little  fossulse,  which  answer  to- 
the  same  number  of  little  moulds  or  caps  in  the  adipose  substance. 
Their  excretory  ducts  open  on  the  surface  of  the  skin,  sometimes 
through  the  papillae,  sometimes  on  one  side  of  them.  .  .  .  The  greater 
part  of  them  are  the  sources  of  the  sweat,  and  there  are  some  of  them 
that  supply  an  unctuous  and  fatty  matter,  of  different  density,  as  in- 
the  hairy  scalp,  on  the  back,  behind  the  ears,  &c."  (n.  475).  And 
again  :  **  The  matter  of  the  other  two  cutaneous  evacuations,  .  .  .  that 
is  to  say,  the  dirt  of  the  skin  and  the  sweat,  comes  principally  from  the 
glands  of  the  skin.  Each  of  these  excretions  exhibits  the  greatest  dif- 
ferences in  different  parts  of  the  body ;  for  instance,  in  the  head,  the 
arm-pits,  the  hands,  the  feet,  &c.  The  dirt  of  the  skin  is  a  more  or 
less  unctuous  or  fatty  humor,  which  collects  insensibly  upon  the  epi- 
dermis, where  it  thickens,  and  forms  a  species  of  varnish."  (Exp, 
Anat.,  Hist.  gen.  des  Tegumens^  n.  64,  65.) 

(«)  The  observation  of  Malpighi,  to  the  effect,  that  [in  frogs  and 
birds]  he  has  distinctly  seen  little  drops  of  oil  in  the  [trunk  and] 
branches  of  the  vena  portse,  is  sufficiently  well  known  and  often  repeated. 
(Exercit.  de  Omenta,  Pinguedine,  et  Adiposis  Ductibus,  p.  42;  fol., 
Londini,  1686.)  But  respecting  the  discharge  of  the  fat,  see  Part  I., 
the  Chapter  on  the  Omentum. 
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fdso  with  fSatty  impurities  (w) :  also  the  actual  necessity^  that  all 
decomposed  portions  of  fat  should  be  thrown  out,  feui  in  the 
omentum  (y).  Again  we  hare  seyeral  proofis  that  these  ducts 
purge,  3.  The  mmcles,  the  peritotueum,  and  the  pleura,  subjacent 
to  these  fatty  strata ;  namely,  the  ever^moist  and  dripping  con- 
dition of  those  tunics;  that  is,  of  the  muscles,  from  the 
copious  showers  excussed  by  constant  exerdse;  and  of  the 
peritonseum  and  pleura,  from  a  similar  cause,  as  well  as  from 
the  perpetual  arteries  that  beset  their  cellular  tissue,  and  fill  it 
with  a  deluge  of  serum  (z) :  the  conspicuous  ducts  proceeding 
from  those  coverings,  which  ducts  penetrate  the  muscles,  and 
run  all  the  way  to  the  adipose  membrane  (a) :  moreover,  the 
actual  necessity  for  a  universal  discharge,  when  other  gates  of 
outlet  are  not  available :  lastly,  the  analogy  between  the  office 
of  these  pores,  and  the  office  of  those  of  the  second  kind  that 
expel  the  unctuous  vapors  of  the  cutis  itself;  which  analogy 
requires,  that  these  of  the  third  kind  shall  eject  the  similar  but 
thicker  vapors  besetting  the  interstices  of  the  grosser  tunics 
spread  underneath  the  cutis.  But  since  these  glands  are  like 
jointed  hinges,  affixed,  as  we  said  above,  to  the  arterial  door- 
posts, hence  they  comparatively  seldom  throw  out  the  burdens 
of  this  blood  through  their  emissary  ducts  into  the  air,  but 
more  frequently  swallow  the  matters  thai  have  been  thrown  out 
or  are  about  to  be  thrown  out,  and  at  stated  times,  seek  out  and 
suck  in  the  purer  lymphs,  or  even  the  thicker  vapors,  from  the  abr 

(x)  See  above,  note  (jt). 

iy)  See  Part  I„  p.  385,  n.  264. 

{g)  The  pleura  constantly  fiUs  its  cellular  tissue  with  humor. 
(Part  II.,  p.  251,  252,  n.  426.)  It  rejects  this  humor  or  serosity 
either  to  the  skin  or  to  the  lungs,  to  be  evaporated,  or  into  the  fat  to 
be  stored  away ;  or  else  exposes  it  to  the  veins  and  lymphatics,  to  be 
reabsorbed.  (Part  II.,  p.  253—257,  n.  427  and  notes  ;  p.  283,  n.  439.) 
And  no  portion  of  humor  is  extmded  from  the  peritonaeum  into  the 
cavity  of  the  abdomen  (Part  I.,  p.  505—507,  n.  325) ;  nor  from  the 
pleura  into  the  cavity  of  the  chest.     (Part  II.,  p.  282,  n.  439.) 

(a)  The  cellolar  portion  of  the  pleura,  according  to  Winslow,  "even 
penetrates  the  muscles,  and  communicates  with  the  cellolar  substance 
in  their  interstices,  all  the  way  to  the  eitemsl  adipose  membrane.'' 
(Part  II.,  p.  215,  n.  415.) 
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itself.  The  origin^  nature^  mode  of  action^  form  and  situation 
of  these  glands  all  contribute  to  teach  us^  that  they  are  recep- 
tacles and  storehouses^  by  means  of  which  everything  is  sup- 
plied to  the  blood  that  it  can  possibly  want  for  its  fabrics^ 
whether  the  desired  material  be  aqueous^  or  saline^  fixed  or 
volatile^  or  sulphureous, — everything  that  can  either  slake  the 
thirst  of  the  blood,  or  appease  its  hunger ;  that  can  fire,  warm, 
or  cool  it ;  or  exasperate,  pacify,  or  preserve  it.  Thus  the  gland 
lends  itself  to  all  circumstances,  and  affords  whatever  is  desired ; 
whether  it  has  to  collect  and  procure  its  commodities  and  ex- 
tracts from  the  atmosphere  contiguous  to  the  pores,  or  from  the 
effluvia  already  exhaled,  thus  from  without ;  or  from  the  little 
mouths  and  goblets  of  the  arteries,  or  from  the  adipose  follicles^ 
or  from  the  cellulated  interstices  of  the  tunics ;  or  whether  it 
has  to  take  a  share  in  part  from  the  one  and  in  part  from  the 
other.  Therefore,  these  glandular  granules  are  located  in  cen- 
tres of  confluence,  and  as  it  were  in  a  common  market  that  has 
lanes  and  streets  running  to  it  from  every  quarter,  and  there 
build  their  cottages  (6).  But  nothing  results  from  potency 
alone ;  there  must  be  an  active  force  ruling  by  its  motion,  in 
order  that  the  gland  may  live  in  activity,  and  actually  dispense 
its  gifts.     Therefore,  of  necessity,  it  is  acted  upon, 

512.  lY.  Unirdermittingly,  by  a  kind  of  systolic  and  dias- 
tolic  motion,  synchronous  with  thepulsific  movements  of  the  heart 
and  arteries;  which  motion  seizes  aU  the  cutaneous  parts,  the  little 
arteries,  the  papUlcs,  and  the  glands,  and  rouses  them  to  their 
Junctions  (c) :  as  shewn  by,  1.  The  uninterrupted^arterial  growth, 
produced  from  both  the  superior  and  inferior  plexuses  of  the 
cutis,  and  in  all  the  threads  of  which,  the  heart  is  as  it  were 

(b)  We  clearly  proved  in  the  two  preceding  Parts,  that  the  aorta 
supplies  whatever  quantity  and  quality  of  blood  the  viscera  in  flie  ex- 
tremes desire  and  demand.  (See  Part  I.,  p.  337,  338,  n.  239  ;  p.  340, 
n.  240  (A) ;  p.  359,  n.  248 ;  Part  II.,  p.  245,  246,  247,  n.  425  ;  &c.) 
Hence  particularly  from  these  glands,  which  are  resting-places  that  have 
so  many  wayfaring  passages  leading  to  them. 

(c)  The  viscera  require  to  be  excited  to  their  functions,  by  means 
of  motions ;  in  other  words,  motion  is  the  only  means  of  educing  from 
fabrics  effects  answering  to  their  fabric  and  consequent  nature.  (Part  II., 
p.  138,  n.  392,  a.) 
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present  with  its  vibrations.  2.  The  insertion  of  the  arterial 
ends  in  the  very  glands^  as  in  knots  that  they  themselves  tie,  or 
in  props  by  which  they  support  themselves,  and  receive  and 
sustain  the  ultimate  circles  and  motions  of  the  heart.  8.  The 
similar  arterial  networks  that  wind  to  form  the  little  canal 
raised  up  firom  the  gland,  and  that  surround  the  papillse  with  a 
kind  of  softish  membranous  bark.  4.  And  the  fact,  that  in 
the  living  body,  we  have  nowhere  any  concretion  or  growing 
together  of  parts,  but  everlasting  dividuation,  thus  perspira- 
bility,  mobility,  life  (d).  5.  Wherefore  these  glands,  like  little 
hearts,  attract  and  snatch  the  necessaries  of  bodily  life,  from 
the  air,  the  blood,  the  fat,  and  the  surrounding  cellular  markets; 
and  drive  them  inwards,  whithersoever  they  are  wanted  for  use. 
The  quantity  of  effect  arises  from  the  quantity  of  motion ;  no 
matter  whether  that  effect  be  reparation  or  purification ;  but  the 
provident  supply  of  such  things  as  are  either  useful  or  gratify- 
ing to  the  body,  arises  from  the  sensitive  power  that  is  contained 
in  the  fibres ;  that  is  to  say,  from  the  power  they  possess  of  ex- 
ploring the  quality  of  the  given  object. 

518.  V.  Bxd  tvith  infinite  variety ,  according  to  alt  change9 
of  state  arising  from  sensation  and  ejection,  outermost,  innermost ^ 
and  intermediate.  For  there  are  three  universal  essences,  as 
chiefs,  that  have  the  government  and  edileship  in  the  kingdom 
or  city  of  the  body;  namely,  the  soul,  the  animal  spirit,  and 

(d)  The  mobility  of  the  glands  in  their  places,  and  the  fiuH;  that 
they  enjoy  a  certain  sphere  of  activity,  is  also  confirmed  by  the  follow- 
ing observation  of  Winslow :  "  These  granules,"  says  he,  "  are  partly 
imbedded  in  the  substance  of  the  cutis,  in  little  fossulse"  (n.  475). 
See  above,  n.  510  (A) ;  and  Part  II.,  the  Chapter  on  the  Thymus 
Gland,  p.  269,  270,  n.  433.  For  the  more  one  part  is  in  disjunction 
from  another,  and  the  greater  the  freedom  with  which  it  acts  in  com« 
pliance  vnth  every  intimation  of  the  soul,  but  with  this  reservation, 
that  it  be  bound  in  the  bond  of  society  to  perform  mutual  offices  with 
its  neighbors,  the  more  perfect  is  the  state  of  the  fabric  made  up  of 
those  parts.  This  law  is  clearly  exemplified  in  embryos,  and  in  the 
first  rudiments  of  the  body,  where  the  fibres,  or  membranes,  tendons, 
cartilages,  and  bones,  are  articulated  and  divided  in  the  most  distinct 
manner  into  their  parts,  but  which  parts  grow  together  in  the  course  of 
time,  as  youth  proceeds  to  old  age,  and  life  to  death. 
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the  blood.  The  empire  is  so  divided  between  this  tetrarchate, 
that  the  soul  administers  the  supreme  sphere ;  the  spirit^  the 
inferior  sphere ;  and  the  blood,  the  ultimate  or  lowest  sphere. 
Thus  each  has  states  allotted  to  it,  and  subject  to  its  law ;  the 
soul,  the  supreme  states,  or  the  states  of  principles  ;  the  spirit, 
the  intermediate,  or  the  states  of  causes;  and  the  body,  the 
ultimate,  or  the  states  of  effects  {e).  The  action  and  life  of  all 
is  based  and  founded  upon  mutual  conjunction,  and  upon  the 
authority  of  the  supreme  essence  or  soul. 

614.  As  there  are  three  states,  so  there  are  three  causes  of 
their  change;  but  each  cause  is  in  its  turn  both  external  and 
internal.  The  external  catiae  of  the  changes  of  state  in  the 
lowest  sphere,  or  in  the  body,  consists  in  the  sensations  of  touch, 
taste  and  smeU.  The  internal,  in  whatever  alters  the  condition 
of  the  viscera  and  organs  of  the  body,  and  their  power  and 
mode  of  operating ;  whence  diseases,  properly  the  affections  of 
the  body  (/).  The  external  catiae  of  the  changes  of  state  in  the 
superior  sphere,  arises  proximately  from  what  we  hear  and  see, 
or  fit)m  the  two  external  sensations  that  minister  to  the  imagi- 
nation, which  is  the  sensitive  power  of  this  sphere  (ff).    But  the 

(e)  Respecting  these  three  spheres  in  the  living  body,  namely,  the 
spheres  of  principles,  causes,  and  effects,  see  the  Prologne  to  the  pre- 
sent Part,  n.  468.  And  respecting  the  existence  of  three  universal 
essences,  that  administer  the  government  in  the  body,  see  Part  I., 
p.  487 — 490,  n.  313,  314,  315.  And  indeed  we  all  know  that  there 
is  such  a  thing  as  the  blood,  as  the  animal  spirit,  and  as  the  soul ;  and 
this,  even  from  their  determinations,  the  vessels  and  fibres ;  and  be- 
sides this,  from  their  operations,  each  of  which  is  manifestly  distinct 
from  the  other. 

(/)  In  addition  to  the  above,  there  are  also  agreeable  affections  of 
the  body,  which  are  properly  termed  pleasures,  not  arising  from  exter- 
nal causes  or  sensations  alone,  but  from  internal  causes  as  well.  These 
properly  constitute  the  pleasures  of  the  body.  But  to  avoid  obscurity, 
I  have  thought  it  advisable  to  refer  only  ailments  and  diseases  to  this 
class ;  because  it  is  so  weU  known  how  many  changes  these  induce 
upon  the  blood,  the  vessels,  and  the  fabrics  constructed  of  them. 
Respecting  the  affections  arising  from  the  sensations  of  touch,  taste, 
and  smell,  see  the  foUowing  paragraphs. 

(ff)  As  each  sphere  has  its  own  affection,  so  also  it  has  its  own 
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internal  caiue  arises  firom  the  power  that  this  sphere  has  of  tam- 
ing over  the  ideas  of  its  memory^  and  at  the  same  time  of 
stirring  them  by  the  a£&atus  of  the  superior  or  rational  mind ; 
hence  its  delights^  appetites^  desires  and  sorrows^  properly  the 
affections  of  the  animal  mind  {h).  But  the  external  cause  of  the 
changes  of  state  in  the  supreme  sphere^  where  the  rational  mind 
resides^  consists  in  the  influence  of  the  animal  mind  affected  as 
aboye^  which  supplies  the  stimulus  to  the  thinking  faculty  of 
the  rational  mind.    The  iniemal  cause  is  either  firom  the  rational 

sensation.  The  superior  or  middle  sphere^  of  which  we  are  now  spesk- 
ingy  in  the  matter  of  sensation^  is  nearly  at  one  with  ocular  sight,  and 
its  ideas,  with  the  images  of  the  eye ;  wherefore  it  is  termed  interior 
sight,  or  imagination.  But  nevertheless  it  will  be  shewn  in  our  Psy- 
chology, by  many  considerations,  that  imagination,  as  a  sensitive  &- 
culty,  is  distinct  from  ocular  sight,  as  well  as  from  rational  sight,  or 
thought.  For  ocular  sight  receives  its  images  proximately  firom  the 
drcumambient  visible  world;  but  imagination,  from  the  memory,  in 
which  the  images  of  ocular  sight  are  treasured  up.  Imagination  re- 
mains even  when  ocular  sight  is  extinct.  And  it  is  likewise  distin- 
guished fiH>m  thought ;  for  imagination  is  strongest  in  our  boyish  years, 
but  thought  grows  up  in  adults,  and  attains  its  perfection  in  old  age. 
Imagination  is  awake  in  noctambulists,  while  thought  is  utterly  asleep. 
Imagination  exists  even  in  brutes  devoid  of  reason,  but  not  thou^t, 
which  is  properly  human.  On  this  account  ideas  are  dirided  by  phflo- 
sophers  into  material  and  immaterial. 

(A)  The  affections  of  tins  fiMmlty  are  principally,  either  deUghte 
arising  firom  the  harmony  of  objects ;  or  longings  for  those  things  that 
serve  to  recruit  and  repair  the  body,  (whence  thirst,  hunger,  and  the 
like)  ;  or  dedres  for  those  things  that  favor  the  pleasures  of  the  body, 
of  which  they  are  the  inciting  causes,  the  fiiel,  and  the  fire ;  or  sorrows, 
which  may  also  be  termed  the  sufferings  [passiones]  of  the  animal 
mind.  But  if  it  be  wished  to  proceed  still  more  distinctly  in  the  ar- 
rangement of  causesf,  they  should  be  distributed  into  inferior,  superior, 
and  proper :  the  inferior  rising  into  this  sphere  fi^m  the  body ;  the 
superior  falling  down  into  it  from  the  rational  mind ;  but  the  pn^r 
proceeding  from  the  excitation  of  their  own  fiumlty  itself  upon  its 
imaginative  power.  And  the  same  occurs  in  the  other  ^heres ;  but 
this  is  not  the  place  to  let  the  mind  go  forth  into  any  further  detaib  of 
distinctions  than  are  involved  in  the  subdiririon  into  external  and 
internal. 


Digitized  by  VjOOQ IC 


THE   SKIN    AND   THE   SENSE   OF   TOUCH.  44& 

xoind  itself^  or  from  the  soul,  which  flows  with  the  light  and 
heat  of  its  life  into  the  sphere  of  the  rational  understanding 
and  will ;  hence  either  internal  joys,  or  desires,  or  loves,  pro- 
parly  the  affections  of  the  rational  mind,  which  respects  as  ends 
the  yarieties  of  goodness,  and  particularly  of  moral  goodness. 

515.  All  these  affections,  fix)m  whatever  cause  arising,  alter 
the  connexions,  positions,  orders,  forms,  and  consequently  the 
essential  conditions  of  things,  and  the  modes  in  which  forces 
act ;  thus  the  linkings  and  associations  of  states ;  but  especially 
do  they  invade  the  universal  essences.  Thus  the  affections  that 
flow  from  the  body,  immediately  seize  the  blood;  consequently 
its  vessels,  the  arteries  and  veins ;  and  if  these,  then  also  the 
viscera  constructed  by  them.  Those  that  flow  from  the  animal 
mind  immediately  affect  the  spirit  of  the  blood;  consequently 
its  vessels,  the  nervous  fibres,  and  the  organs  and  sensoria 
fashioned  of  them.  But  those  that  flow  fit)m  the  rational  mind 
assail  the  very  soul  qf  the  blood  and  spirits ;  consequently,  the 
simplest  fibres,  or  the  rays  of  determination  of  the  fibres;  and 
if  these,  then  also  the  primitive  forms  generated  by  them  (i). 
All  the  changes  of  state  in  the  animated  body  issue  from  these 
affections  as  their  living  springs. 

516.  Affections  in  general  either  inspire  life,  or  threaten 
death ;  thus  either  induce  heat  and  activity,  or  cold  and  inertia ; 
and  hence  we  have  various  changes  produced  in  the  vessels  or 
fibres,  consequently,  in  their  oi^nic  textures ;  which  changes, 
speaking  generally,  consist  in  expansion  or  constriction,  exten- 
sion or  retraction,  induration  or  softening ;  the  effects  of  which, 
in  the  sensorial  organs,  are  either  acuteness  or  dullness ;  and  in 
the  motorial  organs,  either  activity  or  torpor  (A). 

517.  The  papillary  substance,  which  mainly  constitutes  as 
well  as  environs  the  cutis,  is  so  susceptible  of  change,  that  at 

(t)  We  shall  speak  of  this  subject  in  our  Bational  Psychology, 
where  any  donda  that  may  now  present  themselves,  by  the  blessing  of 
God  will  be  dispersed. 

(k)  Among  the  changes  here  mentioned,  the  varieties  and  differ- 
ences are  infinite ;  so  much  so  indeed,  that  it  is  impossible  to  classify 
them  distinctly  in  this  place.  For  which  reason  I  have  chosen  to  touch 
upon  only  the  most  general  and  the  universal  of  them. 


Digitized  by  VjOOQ IC 


444  THE    ANIMAL   KINODOK* 

every  slight  affection  of  the  body^  of  the  animal  mind,  and  of 
the  rational  mind,  it  either  expands  or  contracts,  extends  or  re- 
tracts,  or  indurates  or  relaxes;  consequently,  either  sharpens 
or  blnnts  its  sense.  Thus  it  is  that  this  substance  opens  or 
shuts  the  pores,  ducts,  or  little  canals  that  it  is  conveying  either 
outwards  or  inwards  through  its  soft  or  papillary  structure,  at 
the  very  instant  that  it  is  itself  affected.  Hence  the  infinite 
variety  of  the  matters  perspired,  attracted,  and  discharged :  and 
hence  a  state  of  the  microcosm  very  similar  to  the  state  of  the 
macrocosm,  in  that  the  latter  at  one  time  draws  up  rainy  vapors, 
at  another  assembles  them  in  clouds  and  masses,  at  another  dis- 
solves them  in  showers;  at  one  time  is  serene  and  glad,  beauti- 
ful and  bright ;  at  another  is  beclouded,  gloomy  and  dark ;  at 
one  time  is  baking  with  heat,  at  another  time  is  shuddering^ 
with  cold.  The  difference  consists  entirely  in  the  number  of 
variations. 

518.  In  order  then  to  explore  the  conditions  of  the  perspira- 
tions, and  their  alternate  changes,  we  must  recur  to  the  causes 
that  affect  the  sensorial  papillse,  generically,  specifically,  and  par- 
ticularly ;  consequently  to  the  affections  that  alter  states :  but 
this  circus  is  too  extensive  to  allow  us  to  give  our  uncaparisoned 
horses  head-way  into  it  firom  the  present  starting-place.  All 
that  we  can  say,  while  we  are  here  tarrying  in  the  entrance  or 
stable,  is.  That  there  is  a  perpetual  battle  and  collision  of  the 
spheres  with  each  other;  namely,  of  the  blood  with  the  spirits, 
and  of  the  spirits  with  the  soul :  consequently  when  the  blood- 
vessels are  expanded,  the  spirit-vessels  or  fibres  are  closely  com- 
pressed, and  vice  versa  {I).    Very  much  the  same  may  be  said  of 

(f)  "When  the  sweat  is  increased,"  says  Boerhaave,  *'and  its 
vessels  enlarged,  the  perspiration  must  necessarily  be  diminished,  and 
its  vessels  compressed"  (n.  479.)  The  same  thing  may  also  be  seen 
from  a  careful  anatomical  investigation  of  the  papillary  structure  of  the 
cutis ;  for  subtle  membranes,  and  as  it  were  meninges  composed  of  the 
ends  of  vessels,  not  only  surround  the  papillse,  which  are  bundles  of 
fibres  or  of  fibrous  villi,  but  also  invest  the  pores  themselves.  Hence 
when  the  blood  is  dominant  [r^nat]  in  its  vessels,  the  fibres  beset  and 
enclosed  by  those  vessels  must  of  necessity  be  closed ;  consequently 
also  the  pores  constructed  and  made  by  the  fibres.    Furthermore^  in 
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the  pores^  dncts^  and  little  canals^  convoluted  and  beset  by 
those  vessels  and  fibres.  From  these  causes^  as  well  as  £rom 
others^  proceed  the  innumerable  diversities  of  the  perspirations. 
519.  From  all  these  considerations  one  thing  is  perfectly 
clear^  which  I  wish  to  present  as  the  conclusion  of  these  hydro- 
static enquiries  respecting  the  skin  of  the  body ;  namely^  that 
the  ultimate  sphere^  or  the  sphere  of  the  body^  subsists  and  is 
nourished  entirely  by  aliments  taken  from  the  bosom  of  the 
earth ;  but  the  supreme  sphere  entirely  by  ethereal  provisions 
and  celestial  food,  liberally  and  largely  supplied  through  the 
exquisitely  delicate  mouths  of  the  cutis ;  and  the  middle  sphere, 
by  both  (m).  Hence  that  the  grosser,  inferior,  and  lowlier  por- 
tion of  us  is  constantly  supported  and  recruited  firom  the  earth ; 

this  perpetual  conflict  of  the  blood  with  its  spirit,  that  is,  in  the  action 
of  the  blood  upon  the  vessels,  and  of  the  spirit  upon  the  fibres,  we 
arrive  at  the  cause  of  muscular  motion.  For  when  the  spirit  acts,  the 
blood  must  yield ;  and  when  again  the  blood  acts,  the  spirit  yields ; 
and  this  alternately,  according  to  the  determinations  commanded  by 
the  principles.  But  of  this  subject  more  anon ;  as  well  as  of  the  state 
of  the  perspirations,  as  changed  in  each  particular  disease  of  the  body, 
ailment  of  the  animal  mind,  and  affection  of  the  rational  mind.  But 
were  I  to  deflect  my  course  in  this  direction  at  present,  I  might  soon 
shed  darkness  upon  the  universal  ideas  just  laid  down,  on  account  of 
the  infinite  varieties  occurring  in  each. 

(m)  From  a  careful  consideration  of  the  perspirability  of  the  papil- 
lary cutis ;  from  the  luxuriance  and  apparent  infinity  of  the  first  kind 
of  pores  (treated  of  above,  n.  504,  509)  ;  from  the  stupendous  fine- 
ness of  the  fibres  that  generate  our  innermost  sensorium ;  and  moreover 
from  the  unanimous  consent  of  supporting  phenomena,  we  may  all 
conjecture,  that  the  fabrics  and  forms  of  the  innermost  organs,  which 
are  in  the  very  cortical  substances,  cannot  by  possibility  be  formed, 
repaired,  or  nourished  from  terrestrial  chyle  or  food.  In  order  that 
our  rational  mind,  of  whose  purest  [forms],  or  of  the  principles  of 
whose  sensoria,  I  am  now  speaking,  may  work  with,  and  lay  itself  out 
in,  its  ideas,  all  elements  derived  from  terrestrial  food  and  the  chyle 
thereof,  together  with  the  red  blood  itself,  must  rather  be  put  away, 
and  driven  from  it  as  from  the  inmost  recess  of  a  sacred  temple.  Nor 
is  there  any  organ  or  laboratory  in  the  body,  that  can  attenuate  and 
digest  the  chyle  into  essences  so  fine  and  pure.  On  the  strength  of 
these  and  other  considerations,  I  have  no  hesitation  in  concluding,  that 
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but  our  purer,  superior,  and  more  excellent  part,  from  heaven, 
although  BO  long  as  it  is  in  connexion  with  the  body,  it  is  not 
aware  of  the  high  food  on  which  it  feeds. 

520.  YI.  By  an  attentive  review  qf  the  above  positions,  a 
knowledge  qf  many  of  naturefs  secrets  is  brought  to  the  light  of 
our  understanding^  although  still  in  only  an  obscure  manner;  for 
instance,  we  understand  in  this  way,  the  derivation,  production, 
and  generation,  in  living  bodies,  qf  the  inferior  and  ultimate  trnt- 
versai  essence  from  the  superior  and  supreme.  Inasmuch  as  there 
are  three  universal  essences  in  the  body,  the  soul,  the  animal 
spirit,  and  the  blood,  and  the  same  number  of  determinations, 
or  fibres  and  vessels,  it  follows  from  the  foregoing  series  of  ana- 
lyses, that  from  the  supreme  essence  is  derived  a  proximately 
inferior  essence;  and  the  latter  determining,  a  kind  of  new 
principle  is  formed,  which  may  be  called  the  corporeal  or 
material  principle;  in  which,  by  the  influx  of  the  inferior 
essence  just  spoken  o^  a  still  inferior  essence  is  conceived  and 
bom,  the  last  or  lowest  of  the  three.  By  means  of  this  again 
the  whole  body  with  its  members  and  parts  is  built  and  formed. 
And  when  this  gjrre  of  formation  is  accomplished,  then  the 
lowest  or  last  universal  essence  passes  to  the  supreme  universal 
essence,  and  enters  into  intimate  and  absolute  union  with  it ; 
and  thus  the  inferior  or  middle  universal  ^sence,  which  is 
termed  the  spirit,  proceeds  fit)m  both(n). 

while  we  live  in  the  body,  oar  imiermost  forms  are  nourished  by  celes- 
tial, but  our  outermost  or  corporeal  by  terrestrial,  food.  But  I  shall 
pursue  this  subject  further  in  another  place. 

(n)  The  proof  of  this  theorem  was  promised  in  Part  I.,  p.  489 — 
491,  n.  315,  where  it  is  stated  in  nearly  the  same  words.  In  the 
passage  alluded  to,  it  was  indeed  illustrated  in  some  measure  by  the 
notes  or  commentary ;  but  since  I  had  not  then  treated  of  the  skin, 
nor  of  the  origin  of  the  corporeal  fibres  and  of  the  blood-vessels,  I  had 
no  choice  left  but  to  refer  for  proof  of  these  points  to  this  part  of  my 
investigations.  Wherefore,  to  keep  my  promise,  I  will,  while  occupied 
in  examining  and  unravelling  the  sldn,  draw  the  analytic  thread  hither, 
as  to  a  purposed  end ;  although  the  last  touch,  or  the  finishing  stroke 
is  still  wanting,  and  can  only  be  given  in  the  Part  on  the  Cerebmm. 
Meantime,  first  consult  what  we  said  in  the  passage  above  cited.  For 
there  are  three  universal  essences,  and  the  sawte  number  qf  determna- 
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TOUCH. 

521.  Touch  expresses  and  represents  the  other  senses  as  it 
were  in  a  grand  type,  particularly  taste  and  smell;  far  these 
senses  agree  with  touch  in  their  fibres  or  papilla.  Thus  the 
tongue^  or  the  common  organ  of  taste^  is  furnished  and  beset 
on  its  apex^  dorsum^  and  prominent  parts^  with  papillse  similar 
[to  those  of  the  skin]  :  its  papillae  also^  like  those  of  the  skin, 
appear  pyramidal  and  conical  {o),  and  when  in  contact  with 

tions.  (n.  513,  and  Part  I.,  p.  487 — 489,  n.  313,  314.)  From  the 
supreme  essence  is  derived  a  proximately  inferior  essence;  that  is  to  say, 
from  the  soul,  the  animal  spirit,  which  is  the  medium  by  which  the 
soul  flows  into  the  blood  (n.  509).  And  the  latter  determining,  a  kind 
of  new  principle  is  formed,  which  may  be  called  the  corporeal  prin- 
ciple ;  namely,  the  corporeal  fibre,  and  from  it,  the  arterial  vessel 
(n.  504,  505).  In  which,  by  the  influx  of  the  it\ferior  essence  just 
spoken  of,  a  still  inferior  essence  is  conceived  and  bom,  the  last  or 
lowest  of  the  three:  in  short,  the  red  blood  in  the  artery,  by  the  influx 
of  the  animal  spirit  (n.  504  (p),  509).  By  means  of  this  again  the 
whole  body  with  its  members  and  parts  is  built  and  formed;  to  wit,  by 
means  of  the  blood  and  its  vessels,  all  the  viscera  and  organs  of  the 
body.  And  when  this  gyre  of  formation  is  accomplished,  then  the 
lowest  or  last  universal  essence  passes  to  the  supreme  universal  essence, 
and  enters  into  intimate  and  absolute  union  with  it  (n.  507).  In  other 
words,  the  blood-vessel  does  not  cease  except  where  the  innermost  coat 
of  the  arteries  places  its  boundaries,  consequently  the  last  boundaries 
where  the  fibres  place  their  first ;  namely,  in  the  cortical  glands  of  the 
brain,  where  the  soul  resides  in  its  principles,  and  as  it  were  in  its 
Olympus  and  heaven,  and  where  the  laboratories  of  the  spirits  are 
situated ;  iivhence  the  spirit  sent  forth  by  both  through  its  fibres  into 
the  universal  body,  attends  at  once  to  the  offices  of  both. 

(o)  Respecting  the  papiUse  of  the  cutis,  Heister  says,  that  they  are 
**  for  the  most  part  pyramidal  in  shape,  and  reaching  forth  through 
the  Malpighian  rete  to  the  cuticle  .  .  .  constitute  the  primary  organ  of 
touch"  (n.  472).  They  are  also  delineated  as  such  by  Ruysch  (Epist. 
i.,  tab.  i.,  fig,  5,  7),  and  Bidloo  {Anat.,  tab.  iv.,  fig.  6),  and  described  by 
Malpighi  in  these  words :  "  Inasmuch  as  the  pyramidal  papiUse  proceed 
from  a  comparatively  broad  base  to  a  kind  o^  point,  before  they  are 
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demulcent^  bland  and  soothing  objects^  extend  and  open  ont^ 
so  as  softly  to  embrace  with  their  whole  bosom  the  things  pre- 
sented to  them :  but  when  in  contact  with  anything  rough  or 
pricking,  they,  like  the  papillae  of  the  skin,  draw  back  into  the 
woof  of  their  nerve,  and  harden  and  bristle  up  {p).  The  lingual 
papilla,  like  the  papilla  of  the  skin,  is  discriminated  from  its 
fellows,  and  confined  in  its  place,  by  a  reticular  substance; 
and  overlaid  by  a  vaginal  covering,  not  squamous  indeed,  yet 
borrowed  from  the  external  cuticle  (q).  The  organ  of  smell 
again  is  not  dissimilar  to  the  gustatory  organ  of  the  tongue,  or 
to  the  tactorial  organ  of  the  skin ;  only  its  papillae  are  smaller, 
and  in  the  dead  subject  lie  hidden  under  a  fine  membranous 
clothing  (r). 

expanded  into  the  cuticle,  hence  they  are  not  of  one  and  the  same  figure 
at  their  sides."  '  *  The  next  chapter  will,  in  fact,  be  the  proper  place  to 
speak  of  the  papillae  of  the  tongue,  and  their  similarity  to  the  papillae 
of  the  cutis ;  but  lest  the  mind  in  the  meantime  should  come  to  a  stand 
still  amid  unexplained  assertions,  and  be  in  doubt  and  obscority,  I  will 
at  any  rate  tiansfer  hither  fi^m  its  place  Hebter's  description  of  the 
papillae  of  the  tongue.  ''The  third  [membrane  of  the  tongue],"  says 
be,  "  or  membrana  papillaris  nervosa,  .  .  .  contains  nervous  papillae  of 
different  shapes,  but  chiefly  fungiform;  .  .  .  also  pyramidal  papillae 
large  and  small."  (Part  I.,  p.  18,  n.  25.) 

(p)  See  above,  n.  516. 

(?)  "^^  [^^^  corpus  reticulare],"  says  Heister,  "is  also  seen  on  the 
tongue,  and  indeed  much  more  plainly  and  distinctly  than  elsewhere  ; 
and  the  tongue,  therefore,  is  the  part  in  which  its  nature  and  constitu- 
tion may  be  most  successfully  investigated"  (n.  47 1).  And  in  another 
place  he  says  :  "  Both  these  kinds  of  papillae  [the  large  and  the  small] 
arise  fi^m  the  internal  membrane  of  the  tongue,  and  from  its  nerves ; 
they  pass  through  the  little  foramina  in  the  reticular  membrane,  and 
terminate  in  the  vaginulae  of  the  external  membrane."  (Part  I.,  p.  18, 
n.  25.) 

(r)  "  In  these  places  especially,"  says  Winslow,  [alluding  to  the 
parietes  of  the  septum  narium,  &c.,]  ''  we  .  .  .  discover  a  fine  villous 
substance;  but  it  is  not  seen  unless  the  parts  be  examined  in  clear 

*  This  passage  does  not  occur  in  Malpighi's  Epistolary  Dissertation,  DeBxtemo 
TuctuM  OrganOf  nor  have  I  been  able  to  find  it  in  any  part  of  his  works.  The  con- 
text seems  to  be  required  t9  make  the  latter  portion  of  it  intelligible.-<  (Tr.) 
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522.  And  taste  and  smell,  like  touch,  are  excited  by  coTpus- 
cules  endowed  with  vis  inertise^  that  stamp  a  figure  of  themselves 
upon  the  little  papiUary  forms.  For  the  food  taken^  sipped^  and 
tasted  by  the  tongue^  consists  of  none  but  dead  parts,  derived 
from  one  or  another  of  the  earth^s  kingdoms ;  and  moistened 
with  the  salivary  menstrunm,  or  with  any  liquid  menstruum 
that  has  been  drank,  so  as  to  float  dispersedly  and  freely,  and 
by  virtue  of  the  stream  or  motion  assisted  by  the  living  heat^ 
to  turn  their  sides  and  angles  to  the  papillae,  and  imprint  upon 
them,  as  forms,  a  type  and  image  of  themselves.  So  likewise 
the  parts  that  strike  the  organ  of  smell ;  these,  which  are  more 
minute,  and  are  evaporated  from  the  same  kingdoms  as  effluvial 
exhalations,  flit  still  more  freely  in  the  air  and  ether :  neverthe- 
less they  are  of  the  family,  because  frx)m  the  kingdoms,  of 
heavy  and  inert  things,  which  have  no  inherent  activity  im- 
planted in  their  form  to  serve  as  their  ground  of  action  («). 

523.  The  case  is  different  with  sight  and  hearing,  the  organs 
of  which  are  accommodated  to  the  modification  of  the  auras,  and 
therrfore  do  not  receive  the  impulses  of  inert  forces,  but  the  forms 
of  active  forces,  and  having  received  them,  conduct  them  by 
the  nerves  to  the  supreme  chamber  of  the  sensoria,  that  is,  to 
the  cerebrum.  For  the  ear  is  constructed  on  the  principle  of 
modified  air,  or  of  air  acting  from  modification,  of  tympana, 
fenestra,  tubes,  cochleae :  the  eye  is  constructed  on  the  pattern 
of  modified  ether,   of  tunics,  as  the  cornea,   alluginea  and 

water,  in  the  manner  which  I  have  used  ...  for  above  twenty  years 
past."  (Part  II.,  p.  6,  n.  340.) 

(«)  I  shall  have  to  treat  of  these  subjects  in  my  Analyses  of  the 
Senses  of  Taste  and  Smell ;  and  indeed  I  do  not  know  that  any  one 
ought  to  entertain  a  doubt,  that  the  corpnscules  set  free  by  the  division 
and  solution  of  the  food  are  of  an  inert  nature,  similar  to  that  of  the 
bodies  of  the  vegetable  kingdom,  which  grow  from  the  mineral  king- 
dom ;  and  to  that  of  the  bodies  of  the  animal  kingdom,  which  come 
from  both  the  vegetable  and  the  mineral.  For  the  earth  is  the  reposi- 
tory of  all  inert  parts.  The  same  remarks  apply  to  the  exhalations 
that  are  evaporated  so  abundantly  from  those  kingdoms,  and  float  about 
in  the  air.  For  these  are  what  strike  the  organ  of  smeU :  by  this  sense 
also  they  manifest  their  peculiar  nature ;  and  shew  that  they  are  of  the 
same  dass  as  those  that  affect  the  sensorium  of  taste. 

VOL.  II.   PART  III.    CHAP.  I.  O  Q 
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sclerotica^  and  of  humors^  as  the  aqueous,  Titreous,  and  cr}r8- 
talline.  Thus  everything  is  modelled  to  the  forces  acting  upon 
it ;  and  thereby  the  organ  itself  declares  the  character  of  its 
acting  principle,  and  vice  versd,  the  acting  principle,  the  cha- 
racter of  its  organ;  for  the  one  receives  the  impression,  the 
other  gives  it;  so  that  it  is  impossible  that  the  seeing  mind 
should  not  be  instructed  by  the  one  respecting  the  other.  The 
modificatory  rays  keep  their  line,  urge  their  way,  carry  out  the 
force  that  they  have  received,  thus  strike  impulsively  upon  the 
objects  that  they  meet ;  so  that  impulse  may  fitly  be  predicated 
of  them :  but  corpuscules  of  an  inert  character,  driven  to  the 
centre  to  which  the  active  forces  unanimously  tend,  fedl  whither 
they  are  carried,  there  press  or  are  incumbent  by  their  gravity, 
and  by  virtue  of  the  motion  communicated  to  them,  both  urge 
and  act  (/),  and  thus  impel ;  so  that  impuhe  may  fitly  be  pre- 
dicated of  them  also.  But  inasmuch  as  these  corpuscules  are 
variously  figured,  and  apply  projections,  points  and  angles,  or 
plane,  convex,  or  concave  surfaces,  to  the  papillsB,  so  they 
properly  touch  those  things  that  come  in  their  way.  But 
the  question  whether  tottch,  as  a  common  formula,  answers  to 
both  forces,  and  thus  to  every  one  of  the  senses,  is  a  piece  of 
scholasticism,  or  rather  of  trifling,  which  entangles  things  in 
words,  when  we  ought  to  be  disentangling  them. 

524.  Nevertheless  these  senses,  [namely,  touch,  taste,  and 
smell,']  are  different  from  each  other  in  nature  and  character; 
this  being  proved  by  the  origin,  degree,  effect  and  use  of  each, 
as  well  as  by  the  evidence  of  our  own  feelings.  For  although 
touch  is  associated  with  taste  and  smell  in  the  organs  of  the 
latter,  as  will  be  shewn  presently,  yet  is  there  no  small  differ- 
ence between  touch  and  taste,  and  between  touch  and  smell ; 

{t)  In  80  far  as  they  are  incumbent  by  their  gravity,  they  urge ;  but 
in  so  far  as  they  are  carried  by  force  of  motion,  which  force  is  active, 
they  act ;  for  from  celerity  they  acquire  a  certain  increased  degree  of 
weight :  whence  it  appears,  that  active  or  locomotive  force  is  the  prin- 
ciple or  cause  of  gravity  in  those  bodies  in  which  activity  is  either  alto- 
gether or  in  part  wanting  or  extinct,  and  which  do  not  admit  of  being 
moved  out  of  their  places,  unless  they  are  acted  upon  either  mediately 
or  immediately  by  living  forces. 
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they  are  in  fact  so  widely  distinct  as  never  to  approximate  save 
in  absolute  obscurity^  when  one  or  the  other  vanishes  away ; 
and  even  then  they  do  not  really  approach^  but  appear  con- 
founded. For  they  do  not  spring  firom  the  same  stocky  or  from 
a  fibre  of  the  same  nature^  degree^  and  composition  i  whence 
they  cannot  be  consociated  by  any  bond^  because  not  in  their 
first  conditions^  and  they  cannot  lead  a  kindred  life  (ti). 

525.  As  well  as  from  the  circumsiance,  thai  touch  is  present 
distinctly  in  the  organs  of  all  the  other  senses,  and  governs  in  a 
general  manner  as  it  were  tvUh  them  as  companions.  As  in  the 
eye,  particularly  in  the  tunica  conjunctiva  or  adnata,  and  in  the 
cornea,  which  defends  the  pupil :  in  the  ear,  all  the  way  to  the 
membrana  tympani :  in  the  tongue,  from  the  apex  to  the  dor- 
sum and  the  os  hyoides :  in  the  nares,  to  the  turbinated  bones^ 
and  here  touch  is  so  exquisite  and  acute,  that  the  irritation 
arising  from  snuff,  sal  volatile,  or  rays  of  light,  carries  off  the 
whole  organ  with  the  parts  continuously  following  it,  into  a 
spasmodic  sneeze.  We  may  easily  convince  ourselves  that  touch 
prevails  in  these  sensoria  also,  by  making  trial  either  with  our 
nails,  or  with  a  needle,  a  probe,  or  a  sharp  knife  {x). 

526.  In  touch  we  have  also  a  type  of  that  sensation  by  which 
the  viscera  are  affected  in  their  innermost  parts,  particularly  the 
viscera  of  the  abdomen,  as  the  oesophagus,  the  stomach,  the  intes^ 
tines,  the  ureters,  the  bladder;  where  similar  papillary  fibres  are 
seen,  which  are  pressed  by  tactile  objects  of  a  not  dissimilar  cha- 
racter.* It  is  a  most  remarkable  circumstance,  that  the  hollow 
viscera  in  a  continuous  series,  frx)m  the  first  mouth  of  the  lips 
down  to  the  very  end,  are  covered  with  the  same  papillary  down. 


(u)  I  intend  to  treat  of  this  subject  under  a  separate  head. 

(x)  It  is  evident  from  the  origin  of  touch,  that  such  is  its  univer- 
sality,  that  wherever  there  is  a  form  constructed  organically  of  fibres 
and  vessels,  there  touch  is  present ;  for  instance,  in  the  viscera  them- 
selves ;  although  it  is  not  manifested  therefrom  to  onr  sensorinm ;  so 
that  there  is  nothing  in  the  universal  body  but  derives  its  very  life  from 
this  sense. 

*  This  seema  to  throw  light  apon  one  ftmction  of  the  Tibratory  cilia  tiiat  are 
disooTered  in  the  internal  parietea  of  so  many  of  the  cayitiea. — CDr.J 

GO  2 
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or  silky  villosity  as  it  is  called^  as  the  prolabia  themselves,  and 
as  the  tongue,  which  is  prefixed  to  those  viscera,  and  sits  in  the 
rostrum  or  pulpit  thereof.  I  am  now  alluding  to  the  oesophagus, 
the  stomach,  and  the  small  and  large  intestines  :  and  not  only 
is  it  the  case  with  these  viscera,  but  also  with  the  liver,  in  its 
glandular  follicles,  which  a  second  time  digests,  filters,  and 
washes  the  portion  of  chyle  received  from  the  above  viscera ; 
lastly,  with  even  those  viscera  that  carry  down  the  liquid  excre- 
ments, I  mean  the  ureters  and  the  bladder  (y).     And  corpus- 

(i/)  That  the  above  viscera  are  invested  intimately  with  a  kind  of 
papillary  or  villous  coat,  see  Part  I.,  where  we  treated  of  them.  But 
in  order  that  no  point  may  be  wanting  for  the  illustration  of  the  present 
subject,  I  will  subjoin  a  running  statement  of  experimental  proofs. 
With  respect  to  the  cesophoffus,  Heister  says :  "  The  fifth  [or  inner- 
most] coat  is  villous,  and  is  usually  called  the  crusta  villosa:  it  is 
covered  with  a  lubricous  humor."  (Part  I.,  p.  87,  n.  73.)  And  ac- 
cording to  Winslow  :  ''  The  fourth  or  innermost  coat  resembles  that  of 
the  intestines,  except  that  instead  of  villi  it  has  very  small  and  short 
papillse."  (Part  I.,  p.  91,  n.  7^')  With  respect  to  the  stomach,  we 
are  all  now  aware  that  it  is  villous  internally.  "  The  fifth  [or  innermost] 
coat  [of  the  stomach]/*  says  Heister,  "  is  villous. .  .  .  Malpighi  denies 
the  existence  of  the  villous  coat :  ...  at  the  same  time  he  admits  that 
there  are  villi  and  papillae  in  the  stomach.  .  .  .  Ruysch  and  Santorinus 
have  shewn  us,  that  they  may  be  made  visible  in  the  human  stomach 
by  macerating  it  in  warm  water ;  and  they  are  still  more  obvious  in  the 
stomachs  of  sheep,  pigs,  dogs,  and  other  animals ;  so  that  I  have  no 
longer  any  doubt  respecting  them."  (Part  I.,  p.  110,  n.  87.)  The 
stomach  possesses  most  exquisite  sense,  which  is  conveyed  by  the  fibres 
of  the  par  vagum  and  intercostal  nerve  to  the  cerebellum,  but  not  to 
the  cerebrum,  and  consequently  not  to  the  mental  consciousness.  (Part 
I.,  p.  138,  139,  n.  106.)  For  which  reason  I  have  occasionally  termed 
those  fibres  springing  from  the  medulla  cerebelli,  fibres  of  nature,  but 
those  springing  from  the  cerebrum,  fibres  of  the  will.  And  respecting 
the  similar  villosity  of  the  innermost  coat  of  the  intestines,  Heister 
says :  "  It  [the  innermost  coat]  has  on  it  fine  thin  villi,  resembling  the 
pile  of  velvet. .  .  .  Ruysch  has  noticed  the  same  villi."  (Parti.,  p.  143, 
n.  109.)  Winslow  declares  that  this  is  also  the  case  in  the  ureters: 
"  [Their]  innermost  coat ..."  says  he,  "  is  slightly  granulated  Uke 
shorn  velvet,  and  moistened  all  over  by  a  mucilaginous  liquor."  (Part  I., 
p.  420,  n.  281.)     And  in  the  urinary  bladder:  "  [Its]  nervous  [or  in* 
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cules  of  the  same  kind  as  affect  the  tongue  with  touch  or  taste^ 
above,  in  the  threshold  of  the  viscera,  that  is  to  say,  in  the 
mouth,  also  go  to  affect  these  succeeding  cavities  with  a  similar 
sense  {z).  Again  these  cavities  in  like  manner  direct  and  apply 
their  little  villous  sensoria  to  those  corpuscules  that  have  passed 
down  to  them ;  and  by  their  vermicular  creeping,  as  the  tongue 
by  its  rolling  and  folding,  they  suffer  no  part  to  pass  them, 
without  taking  a  complete  account  of  it,  and  exploring  it  by 
continued  touch.  Nay,  that  they  search  the  little  fragments 
offered  to  them,  with  some  unknown  power  of  feeling,  is  evident 
from  various  symptoms;  for  instance,  from  sudden  changes, 
recoveries  of  strength,  longings,  loathings,  unnatural  appe- 
tites ;  from  anxieties,  windy  gripings,  heartburn,  nausea,  head- 
aches, fainting,  &c.,  arising  from  the  presence  in  the  stomach 
of  incongruous  food ;  bitter,  styptic,  emetic,  or  virulent  drugs ; 
and  particularly  of  worms,  such  as  ascarides,  taeniae,  &c.,  that 
twitch  and  gnaw  the  internal  coats  of  the  above  viscera,  and  the 
tender  villosity  of  those  coats. 

527.  Btii  since  the  papillary  forms  of  these  viscera  do  not 
depend  upon  fibres  originating  in  the  cerebrum^  btU  upon  fibres 
originating  in  the  cerebellum,  hence  the  touches  in  them  do  not 
reach  the  consciousness  of  the  general  sensorium,  thai  is,  of  our 
innermost  sensorium.  The  cerebrum  and  cerebellum  not  only 
dwell  under  distinct  septa  and  tents,  and  live  without  familiar 
intercourse,  within  the  bony  walls  of  the  skull ;  but  they  have 
their  separate  provinces  beyond  these  boundary  walls  in  the  body 
also,  whither  they  put  forth  their  fibres.     The  cerebrum,  or 

nermost]  coat,  .  .  .*'  says  he,  "  is  [villous,  or]  nearly  of  the  same  struc- 
ture as  the  nervous  coat  of  the  stomach."  (Part  I.,  p.  458,  n.  297.) 
And  therefore  the  urine,  if  unusually  acrid,  excites  the  whole  bladder 
to  spasm,  or  to  a  species  of  convulsive  motion.  (Part,  i.,  p.  475,  n.  304,  a.) 
And  indeed  the  above  structure  exists  not  only  in  these  viscera,  but 
everywhere  else ;  for  instance,  in  the  innermost  glands  of  the  liver^ 
which  according  to  Winslow  ''are  of  a  pulpy  texture,  like  radiated 
villi,  with  a  small  hollow  in  the  centre  of  each."  (Part  I.,  p.  259, 
n.  194.) 

{t)  That  is  to  say,  the  parts  of  the  food  that  in  their  division  and 
solution  have  excited  the  papillae  of  the  tongue,  having  now  passed 
down  through  the  pharynx,  go  to  excite  the  stomach,  &c. 
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the  fibre  of  the  cerebrum,  occupies  the  very  ultimate  bounda- 
ries, or  the  muscular  and  sensorial  circumference  of  this  king- 
dom (a) :  but  the  fibre  of  the  cerebellum  has  for  its  lot  the 
whole  interior  field  circumscribed  by  these  boundaries,  where 
the  viBcera  of  the  thorax  and  abdomen  live.  The  fibre,  pro- 
pagated as  an  offspring  by  derivation  from  its  parent  cerebrum 
or  cerebellum,  when  sent  out  to  its  goals,  and  determined  to 
uses  in  the  extremes,  carries  with  it  only  that  character,  breathes 
only  that  power,  and  exercises  only  that  force,  which  it  has 
obtained  from  its  parent ;  thus  the  fibre  sent  from  the  cere- 
brum involves  whatever  the  mind  of  the  cerebrum  appoints  to 
be  executed  in  ultimates  as  a  matter  of  choice  and  will ;  but  the 
fibre  from  the  cerebellum  involves  whatever  its  mind  or  soul 
deems  advisable  to  be  done  as  a  matter  of  nature  {b).     The 


(a)  It  b  very  apparent  from  the  sense  of  the  papillary  substance, 
and  from  the  motion  of  the  muscles  of  the  thorax  and  abdomen,  that 
the  fibre  of  the  cerebrum  has  possession  of  the  cutaneous  circmnference, 
both  the  organic  circumference  of  touch,  and  the  muscular  circumfe- 
rence subjacent  to  the  fat  of  the  cutis :  to  say  nothing  of  the  sensoria 
of  the  head,  as  the  eye,  the  ear,  the  tongue,  the  nares,  or  of  the 
muscles  of  the  face ;  all  of  which  are  under  the  auspices  and  direction 
of  the  understanding  and  will,  consequently  of  the  cerebrum.  But  the 
muscular  fibres  and  tunics  that  invest  the  stomach,  the  intestines,  the 
bladder,  and  many  of  the  viscera  or  cavities,  cannot  be  excited  at 
pleasure,  nor  do  the  touches  coming  from  their  papillae  reach  even  our 
obscure  perception.  Thus  whatever  is  at  the  circumference  is  subject 
to  the  jurisdiction  of  the  ruling  cerebrum.  This  is  shewn  by  the  initia- 
ments  of  the  chick  in  the  egg ;  for  the  first  thing  that  appears  is  the 
cerebrum,  with  a  carina  or  vesicle,  which  as  a  surface  encloses  the 
future  viscera ;  shortly  afterwards  the  cerebellum  springs  up,  and  firom 
it,  the  viscera  enclosed  in  the  above  surface  :  as  we  are  taught  by  that 
sagacious  observer,  Malpighi,  and  by  other  anatomists.  See  my  Eeo^ 
nomy  of  the  Animal  Kingdom^  n.  242. 

(5)  The  fibres  bring  with  them  the  nature  of  their  parents  from 
the  natal  soil ;  the  fibres  of  the  will  from  the  cerebrum,  and  the  fibres 
of  nature  firom  the  cerebellum.  (Part  I.,  p.  50,  51,  n.  43  {cc)  ;  Part 
II.,  p.  108,  n.  380,  b,)  There  is  a  likeness  of  the  brain  in  every  fibre, 
as  there  is  a  likeness  of  the  heart  in  every  blood-vessel.  (Econ.  A,  JT., 
tr.  i.,  n.  570.)  In  short,  the  fibres  bring  with  them  the  animus  t>f  their 
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former  takes  the  reasons  of  its  choice  or  will  from  the  sensoria 
disposed  in  the  boundary  of  the  kingdom;  the  latter^  the 
reasons  of  its  administration^  from  the  papillae  set  within  the 
viscera.  In  this  way  we  see  that  the  kingdom  is  divided  be- 
tween the  cerebrum  and  cerebellum^  or  between  the  will  and 
nature;  and  this^  in  such  wise^  that  nature^  which  manages 
the  domestic^  intimate^  and  secret  affairs  of  the  kingdom,  is 
environed  and  beset  by  the  will,  which  attends  to  the  external 
business  that  is  common  to  the  body  with  the  surrounding 
world :  to  the  end,  that  the  one  may  flow  wonderfully  into  the 
other  as  it  were  in  gyres,  and  flow  back  or  turn  as  it  were  on 
hinges.  Wherefore  as  soon  as  ever  the  objects  of  touch  have 
gone  inwards,  (for  instance,  from  the  surface  of  the  body  towards 
the  peritonseum  and  the  pleura,  from  the  tongue  into  the 
pharynx  and  oesophagus,  or  from  the  nares  into  the  larynx  and 
trachea,)  they  instantly  escape  us,  and  are  rolled  down  as  it 
were  into  dark  ignorance,  and  manifest  their  qualities  to  the 
consciousness  of  the  soul  only,  and  to  its  auspices  alone  submit 
themselves.  For  there  are  two  grand  pairs  of  nerves,  namely, 
the  eighth  or  par  vagum,  and  the  intercostal  or  great  sympa- 
thetic, which  succeed  and  come  on  exactly  at  the  places  where 
the  motorial  and  sensorial  fibres  of  the  cerebrum  cease  (c). 

brain,  and  poor  forth  and  manifest  it  in  extremes ;  coosequentlyy  long- 
ing, loathing,  and  other  states  may  be  predicated  of  them,  just  as  of 
the  animus  that  arises  from  the  view  of  things  taken  by  the  cerebrum. 
(Part  I.,  p.  206,  207,  n.  156,  (A,  i,  k) ;  p.  207,  208,  n.  157  (/) ;  p. 
222,  223,  n.  170,  c.) 

(c)  It  appears  from  works  on  the  nervous  system,  that  as  soon  as 
the  par  yagum  or  eighth  pair  of  nerves  passes  out  of  the  cranium  in 
company  with  the  spinal  accessory  to  the  jugular  fossa,  it  runs  direct 
to  the  pharynx  and  oesophagus,  and  this,  in  order  that  it  may  be  at 
hand  to  receive  the  materials  eaten  and  swallowed,  and  that  have  been 
driven  down  and  moved  on  thus  far  by  the  voluntary  action  of  the 
tongue,  and  to  transfer  them  into  the  natural  motions ;  and  the  trunk 
itself  on  this  account  descends  along  the  oesophagus  to  the  stomach, 
and  produces  the  coronary  plexus  of  the  latter.  But  on  this  subject 
sec  Part  I.,  p.  138,  139,  n.  106,  (A,  t,  k).  The  same  nerve,  after  de- 
scending for  some  distance,  reflects  a  branch  that  mounts  along  the 
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These  nerves  by  their  fibres  construct  the  viscera  of  the  ab- 
domen^ the  well-frequented  kitchens  of  the  body,  and  generate 
the  little  papiUary  or  villous  sensoria  projecting  from  their  inner- 
most coats.  It  is  evident  that  they  are  nerves  of  the  cerebellum 
or  nature,  and  not  of  the  cerebrum  or  the  will;  for  of  this  we 
are  assured,  not  only  by  tracing  them  to  their  origin,  but  also 
by  the  character  and  properties  that  they  bring  with  them  from 
their  parentis  house ;  in  that  they  are  insensitive,  administer 
the  innermost  things,  and  do  not  live  in  the  light  of  our  senses ; 
but  withdraw  whatever  they  do  from  our  general  sensorium ; 
and  communicate  nothing  beyond  some  silent  effect,  by  means 
of  their  connexion  with  the  neighboring  fibres  of  the  cerebrum, 
or  afterwards  some  ultimate  effect,  to  any  of  its  oi^ans  {d). 

528.  Far  our  general  sensorium  is  laid  in  the  cerebrum,  which 
feels;  bvi  the  organ  of  the  body  acts  the  part  of  an  instrument 
only.    The  cerebrum  manifests  to  us  whatever  it  feels  and  perceives 

trachea,  and  is  therefore  termed  the  recurrent  nerve :  this  in  like  man- 
ner takes  up  all  the  fimctions  commenced  in  the  nares  and  in  the  organ 
of  smell,  and  conveys  them  down  to  the  lungs  ;  and  also  takes  up  the 
functions  of  the  lungs, — as  of  producing  sounds,  throwing  out  the  air, — 
and  oonveys  them  to  the  palate  and  the  nares.  Thus  it  meets  the 
nerves  of  the  cerebrum  or  the  will  in  the  ultimate  boundaries  of  its 
sphere,  and  takes  up  and  continues  the  offices  to  the  ultimate  bounda- 
ries of  its  own  sphere,  or  to  the  places  where  it  again  meets  the  sphere 
of  the  will,  or  its  fibres ;  as  in  the  lungs,  since  they  have  also  a  volun- 
tary respiration ;  in  the  rectum,  and  in  the  bladder.  But  see  Part  11., 
p.  108,  109,  n.  380  (5) ;  and  my  Econ.  A.  K.,  tr.  i.,  n.  495,  496. 

(d)  See  the  description  of  the  par  vagum  in  my  Econ.  A.  K.,  tr.  i.,  n. 
487>  488.  Its  use.  {Rid.,  n.  489.)  It  arises  from  the  cerebellum.  (Ibid., 
n.  490.)  Likewise  the  great  intercostal  [or  great  sympathetic]  nerve. 
(Ibid.,  n.  485,  559.)  The  par  vagum  brings  off  as  many  filscides  or 
bundles  as  it  b  about  to  form  plexuses.  (Ibid.,  n.  491,  493.)  It  requires 
to  be  associated  with  the  great  intercostal  nerve.  (Ibid.,  n.  484,  486, 
492,  493.)  It  reduces  subaltern  motions  to  a  universal  motion,  and 
both  these  nerves  are  in  the  stream  of  the  motion  of  the  brains.  (Ibid., 
n.  483,  491,  493,  494,  496.)  We  have  also  the  authority  of  the  an- 
cients  to  prove,  that  this  nerve  cannot  spring  from  any  soil  but  the 
cerebellum. 
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frcm  the  organ8  of  the  body :  bui  not  the  cerebellum.  The  nerve 
or  fibre  upon  which  the  papillary  forms  or  fibres  depend^  is  a 
dear  sensible  proof  that  they  do  not  feel  of  or  by  themselves : 
for  when  the  nerve  is  either  tied  or  divided,  the  papilla  instantly 
loses  its  feeling,  and  becomes  completely  insensible,  just  as 
though  it  were  excised  from  the  body ;  if  only  a  single  fibre  is 
treated  in  this  manner,  one  or  two  papillse  suffer;  if  the  branch 
of  a  nerve,  then  this  is  the  case  with  a  larger  number  of  papil- 
lary forms ;  if  the  trunk,  then  with  some  entire  series ;  if  the 
spinal  marrow,  with  some  region  or  tract;  if  the  corpora  striata, 
then  the  whole  kingdom  of  the  papillary  sensorium  is  affected ; 
and  in  like  manner  when  the  injury  is  done  to  the  cerebrum 
itself.  There  is  a  connected  chain  of  all  things,  &om  the  last 
sphere  to  the  first,  and  from  the  first  to  the  last.  These  points 
are  so  certain  and  familiar,  that  they  are  considered  as  among 
the  first  lessons  of  the  art,  or  the  rudiments  of  anatomical 
science.  Again  the  same  truth  comes  almost  momentarily  to 
the  day  and  light  of  our  understanding ;  for  at  one  time  we 
ourselves  heighten  the  acumen  of  the  senses,  at  another  time 
we  diminish  it,  according  as  we  are  either  present  to  them  by 
attention  and  wakeAilness  of  mind,  or  as  we  withdraw  ourselves 
from  them,  and  as  it  were  outlie  them ;  whence  states  of  atten- 
tion or  distraction.  Wherefore  it  is  not  the  part  of  any  organ 
or  fabric  in  the  body,  to  feel,  but  only  to  deliver  the  mutations 
and  impressions  received  from  objects,  to  a  higher  feeler,  which 
resides  in  the  innermost  recess  or  supreme  citadel  of  the  sen- 
soria.  We  need  no  remote  indications  to  tell  us,  that  this  hall 
or  senate  house  is  in  the  cerebrum,  and  not  in  the  cerebellum ; 
for  the  fact  is  too  abundantly  shewn  by  proximate  evidences. 
Thus  the  senses  have  suffered,  and  undergone  changes,  every 
time  their  cerebrum  was  affected;  for  instance,  when  it  was 
inflamed,  or  suffocated  with  thick  blood,  or  inundated  with 
humor  either  between  the  membranes,  or  between  the  cortical 
convolutions,  or  between  the  medullary  folds,  or  in  the  ventri- 
cles; as  has  appeared  in  cerebra  killed  by  any  convulsive 
disease, — ^as  in  epilepsy,  apoplexy,  phrenitis,  loss  of  reason; 
for  in  such  cases  examination  has  shewn  either  displacement, 
distortion,  or  contraction  of  parts  of  the  cerebrum ;  or  puru- 
lent collections  therein,  or  extravasation,  schirrus,    abscesses. 
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erjrnpelas^  or  excavation  {e).  The  same  thing  has  been  plainly 
discovered  in  cases  of  trepanning^  and  when  the  cerebrum  has 
been  denuded  of  portions  of  the  skull;  nay^  it  has  been  demon- 
strated to  sight  by  experiments  upon  living  d(^;  for  whai 
their  cerebra  have  been  touched,  punctured,  wtom,  have  we 
not  seen  contractions,  spasms,  and  tetanic  convulsions  of  the 
limbs  of  the  body,  and  have  we  not  heard  the  dreadful  com- 
jribints,  yells,  and  anguish  of  the  subjects  undar  q[>eration? 
Thus  we  have  this  truth  before  our  eyes  and  hold  it  in  our 
hands.  The  very  fetbric  of  the  cerebrum,  and  our  analytic 
evolution  of  that  fetbric,  will  illustrate  and  confirm  it  still 
further  in  the  Part  immediately  following.  But  if  we  wish  to 
discover  where  tins  sensorium  is  to  be  found  in  the  cerebrum, 
we  must  trace  and  follow  the  fibre  all  the  way  to  its  ultimate 
boundary;  thus  we  must  pass  throng  the  meduUary  cerebrum, 
and  not  stop  until  we  arrive  at  the  ends  or  beginnings  of  its 
fibres.  Here  we  meet  with  the  principles  of  the  sensation  pos- 
sessed by  the  fibres,  namely,  with  the  cortical  glands,  where 
our  mind  acts  from  the  principles  of  all  the  determinations, 
because  from  the  principles  of  all  the  fibres ;  and  whither  it 
collects  the  light  and  rays  of  all  its  senses,  and  where  it  s^ids 
them  forth  into  the  spacious  and  interior  circus  of  perception 
and  understanding  (/).     Here  our  common  sens(Hrium  ia  laid, 

{e)  The  reader  will  find  a  collection  of  cases  of  this  kind  in  the 
next  Part>  where  we  shall  treat  of  the  Cerebrum. 

(/)  These  positions  have  already  been  elucidated  by  experimental 
proofs  in  a  particular  essay  on  the  Cortical  Substance^  in  my  Ecanomy 
of  the  Animal  Kingdom.  Thus  it  was  shewn  that  the  cortex  is  the 
principal  substance  of  the  brain,  placed  in  the  first  bonndaiy  of  the 
fibres  and  in  the  last  boundary  of  the  arteries.  (Econ,  A,  JT.,  tr.  ii., 
n.  1 10,  111.)  And  that  from  a  distinct  perception  of  the  coordination 
of  these  substances,  we  understand  how  tbe  will  is  determined  into  ac- 
tion by  the  cerebmm,  how  by  the  cerebellum,  and  how  by  the  medulla 
oblongata  and  medulla  spinalis  ;  how  also  in  different  animals.  (Ibid., 
n.  159—164.)  These  principal  parts  of  the  cerebrum  are  the  organs 
of  the  interior  senses,  and  are  cerebeUula.  (Jhid.,  n.  191 — 195.)  The 
ultimate  reception  of  modes  takes  place  in  the  cortex  cerebri,  which  is 
rendered  conscious  of  all  mutations  happening  in  compound  series  and 
substances.  (Ibid.,  tr.  i.,  n.  609,  and  passim.)     But  since  these  sub- 
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as  well  as  that  inmost  senscnrium^  or  mteUectorium^  which  p^- 
ceives  £rom  its  senses,  thinks  from  perceptions,  judges  from 
thoughts,  chooses  from  judgments,  desires  from  the  objects 
chosen,  and  finally  from  the  objects  desired,  determines  those 
that  it  wills,  and  thus  brings  forth  by  the  motoria  or  muscles 
the  things  that  it  has  conceived  by  the  sensoria.  And  it  has 
been  placed  in  the  light  of  the  same  experience,  that  these  cor- 
tical substances  or  glands  are  the  complements  of  the  sensoria 
of  the  body,  or  taken  collectively,  are  the  common  sensorium 
of  all(^);  for  when  those  substances  are  affected,  the  whole 
appendage  of  fibres,  that  is  to  say,  the  cerebrum  and  the 
body,  are  affected  and  suffer  at  the  same  time:  indeed  ex- 
actiy  according  to  the  degree  and  mode  in  which  they  are 
affected,  the  forces  of  imagination  are  blunted,  those  of  thought 
languish,  the  memory  fails,  the  determinations  of  the  will  are 
embarrassed,  the  desires  vacillate,  tod  the  sensations  are  be- 
numbed. 

529.  Tcmch  is  commonly  excited  by  contiguous  objects  that 
strain  the  connexion  of  the  parts,  and  especially  of  the  fibres,  in 
the  organic  body;  or  influence  their  position,  order,  and  series, 
and  thus  change  and  invert  their  states,  properties,  and  functions. 
The  body  in  its  whole  compass  and  details,  is  organic,  a  machine 
constructed  of  hving  wheels,  rundles,  and  cylinders ;  and  these 
severally  made  up  of  fibres,  vessels,  and  all  kinds  of  stamina 
and  textures,  in  so  stupendous  a  manner,  that  nowhere  is  there 
a  fixed  point,  or  a  flowing  line,  where  there  is  not  what  circu- 

stances  constitute  the  supreme  sphere  of  our  living  system,  (see  the 
Prologue  to  this  Pftrt,  n.  468,)  therefore  I  have  made  up  my  mind  to 
treat  further  of  them  after  I  have  spoken  of  the  cerebrum. 

{g)  But  we  may  be  deceived  by  appearances,  namely,  by  the  cir- 
cumstance, that  the  same  effects  result  to  the  higher  sphere  of  sensa- 
tions, although  the  medullary  substance  of  the  cerebrum,  or  even  either 
of  its  membranes,  and  not  die  cortical  substance,  be  injured ;  but  this 
proceeds  from  the  same  cause  as  the  loss  of  sensation  in  external  oi^ans 
when  the  nerves  are  wounded  or  cut ;  for  whatever  damage  is  done  to 
the  fibres  is  done  to  their  principles  also ;  and  if  they  be  entirely  cut 
off,  communication  is  instantly  lost.  Again,  the  nexus  of  these  sub- 
stances is  disturbed  if  the  pia  mater  or  dura  mater  be  torn  from  their 
places. 
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lates^  what  breathes^  and  what  acts  (A).     The  spirit  circulates 
contmually  through  the  fibres^    even  through  the  innermost 

(h)  For  there  is  a  perpetual  circulation,  not  only  of  the  blood 
through  the  vessels,  but  also  of  the  spirit  through  the  fibres ;  nay,  fur- 
thermore, a  universal  circulation,  which  I  have  elsewhere  called  the 
circle  of  life ;  namely,  a  circulation  of  the  spirit  from  the  fibres  into 
the  vessels,  and  of  the  blood  from  the  vessels  into  the  fibres.  The 
circle  of  the  blood  through  the  vessels,  runs  from  the  heart  to  the  arte- 
ries, from  the  arteries  to  the  veins,  and  from  the  veins  back  to  the 
heart :  but  this  circle  is  not  disturbed  when  the  vessels  are  touched,  in 
the  same  manner  as  is  the  circle  of  the  spirits  when  the  fibres  are 
touched ;  because  the  vessels  have  innumerable  anastomoses,  so  that  if 
the  blood  cannot  get  out  through  one  branch,  it  escapes  through  ano- 
ther ;  and  thus  the  heart,  which  is  the  head  and  beginning  of  the  arte- 
ries and  veins,  suffers  no  change.  But  the  case  is  different  with  the 
nervous  fibre  that  carries  the  spirit;  this  fibre,  continued  from  its 
origin  in  the  cerebrum  or  cerebellum,  depends  entirely  upon  its  parent 
cortical  gland  :  wherefore  if  the  fibre  is  touched,  or  in  any  way  strait- 
ened, the  spirit  has  no  opportunity  of  escaping,  like  the  blood,  through 
anastomoses,  in  another  direction.  Hence,  the  instant  it  is  compressed, 
its  principle  cannot  but  feel  the  change  arising  from  the  touch :  this 
necessarily  follows,  if  we  grant  a  continuation  through  the  fibre,  as  we 
shall  shew  that  we  must  do,  by  a  great  number  of  considerations  in 
another  place.  But  the  blood-vessel  does  not  feel  of  itself,  but  from 
the  fibre,  of  which  its  membranes  are  in  part  composed ;  although  even 
this  by  reflexion ;  for  if  the  blood-vessel  be  forcibly  pressed,  the  pres- 
sure extends  to  its  fibres  also,  which  enables  the  vessel  to  feel,  although 
very  obtusely.  This  regards  the  first  particular ;  namely,  that  nowhere 
is  there  a  fixed  point,  or  a  flowing  Hue,  in  the  organic  body,  where 
there  is  not  what  circulates.  But  with  regard  to  the  second ;  every- 
thing breathes,  that  is  to  say,  expands  and  contracts  alternately,  and 
as  it  were  oscillates,  in  the  little  cell  or  seat  that  nature  has  assigned 
to  it :  for  the  animation  of  the  brain  and  the  respiration  of  the  lungs 
rule  universally,  so  that  any  part  that  is  destitute  of  their  motion  or 
modification,  is  not  a  part  of  the  kingdom.  (Part  II.,  p.  150,  151,  n. 
395,  0.)  Evidently  in  order  that  all  the  parts,  fibres,  and  vessels,  may 
be  kept  distinct  from  each  other,  and  thus  be  prevented  from  growing 
together,  and  losing  the  life  and  activity  that  they  receive  from  circula- 
tion, and  thereby  perishing :  also  that  everything  may  be  roused  to  its 
work  and  function.  With  respect  to  the  third  point,  that  there  is  no- 
thing that  does  not  act:  action  arises  from  the  conjunction  of  circular 
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fibres ;  the  bloody  through  the  vessels ;  and  the  humor  coneeiyed 
and  bom  of  both^  through  the  other  stamina.  Each  several 
thing  breathes,  animates^  and  undergoes  expansion  and  constric- 
tion^ in  its  centre^  radius^  and  circumference.  It  also  cu:ts, 
and  moves  from  place  to  place ;  so  that  there  is  nothing  but 
may  live  in  acting  and  act  in  living ;  for  whatever  lives^  is  acted 
upon  even  in  its  extremes  by  its  principle;  and  whatever  is 
acted  upon,  lives  even  in  its  extremes,  from  its  principle: 
wherefore  the  life  in  the  last  sphere  represents  the  life  in  the 
first,  and  a  certain  presence  reigns  everywhere.  Whatever 
drives  this  machine,  thus  connected,  or  any  part  of  it,  from 
the  place  that  its  order  and  nature  assigns  to  it,  instantly  in- 
fluences and  disturbs  its  circles;  changes  the  times  of  its 
treathings;  and  clashes  with,  interrupts,  or  destroys,  the  forces 
of  its  actions.  Although  this  be  done  in  the  last  sphere,  yet  is 
it  known  and  perceived  by  the  life  that  reigns  in  the  first ;  that 
is  to  say,  in  the  principles,  from  which  come  all  the  fibres,  and 
all  the  spirit  of  the  fibres  (i).     Hence  it  is  plain,  that  nothing 

tion  with  respiration ;  for  circulation  gives  and  renews  power  or  potency, 
respiration  or  animation  infuses  force;  whence  action,  which  takes 
place  by  means  of  local  motion.  And  in  order  that  there  may  not  only 
be  a  natural  action  of  each  part  in  its  place  by  the  way  of  expansion 
and  constriction,  which  is  performed  without  removing  the  next  part 
from  its  place,  there  is  an  additional  motion  proceeding  from  the  wiU, 
which  motion  removes  one  part  from  another,  although  not  beyond 
stated  limits :  as  appears  from  the  action  of  the  muscles,  and  thereby  of 
the  tendons,  cartilages,  and  bones. 

(t)  The  cortical  gland  (n.  528,/)  either  of  the  cerebrum  or  cere- 
bellum, is  the  principle  of  the  fibre ;  and  as  there  is  nothing  in  the  body 
but  is  originally  constructed  of  fibres,  so  there  is  nothing  but  depends 
upon  those  principles  ;  for  the  fibres  are  the  determinations  of  the  su- 
perior and  supreme  universal  essence.  Since  then  the  fibre  is  inces- 
santly actuated  by  its  principle,  the  necessary  consequence  is,  that  if 
anything  in  the  middle  or  in  the  extremes  interrupts  the  forces  of  this 
action,  the  principle  of  the  fibre  feels  it,  consequently  the  soul,  and  our 
mind,  which  reside  in  that  principle ;  for  the  effect  is  the  continuation 
of  its  efficient  cause.  As  soon  as  the  fibre  is  compressed,  the  action  or 
animation  of  the  cortical  gland  must  cease,  and  this,  exactly  according 
to  the  manner,  and  in  the  degree,  in  which  the  compression  exists* 
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preternatural  can  happen^  either  far  or  near^  in  the  so  com- 
pound machine^  state  or  republic  of  the  body^  without  coming 
to  the  knowledge  of  the  soul,  which  fJrom  its  principles  perpe- 
tually inspires  powers,  builds  their  fsEibrics,  excites  effects,  and 
brings  forth  uses  there&om  that  correspond  to  the  ends  that  the 
soul  is  incessantly  regarding  with  the  eye  of  the  mind.  Hence 
it  is  also  plain,  that  there  is  not  the  least  point  in  any  part  but 
a  certain  sense  of  touch  prevails  in  it,  as  a  universal  informant 
of  events ;  so  that  whatever  part  is  devoid  of  this  sense,,  is  no 
true  native  of  the  kingdom,  but  a  mere  inhabitant  or  foreigner, 
subsequently  either  to  be  adopted  into  the  state,  or  to  be  cast 
out  of  it  {k).     Consequently, 

530.  Not  only  in  the  papillary  ctUis,  but  in  every  fibrous  and 
vascular  texture  whatever,  particularly  in  the  periostea,  the  peri' 
chondria,  the  dura  and  the  pia  mater,  the  part  under  the  nails  : 
therefore  also  in  the  sensorial  organs,  as  in  the  tongue,  the  nares, 
the  ear,  and  the  eye,  as  we  observed  before :  or  where  the  fibres 
are  so  entwined  with  the  vessels,  and  the  vessels  with  the  fibres, 
and  so  inserted  into,  and  connected  with,  the  pores  of  the  Uttle 
bones,  that  the  one  can  with  difficulty  yield  to  the  other ;  where- 
fore anything  that  touches,  more  manifestly  violates  the  con- 
nexion, form,  and  order  of  parts  in  these  situations,  and 
endangers,  tears,  destroys,  or  tends  to  destroy  (/).  And  then 
the  mind  bewails  the  injury  to  her  fibre,  as  though  it  had  hap- 
pened to  herself,  and  grieves  for  it  with  heart  and  soul. 

This  is  the  cause  of  sensation,  which  exists  essentially  nowhere  but  in 
the  soul  itself.  But  we  shall  treat  of  this  subject  more  fully  in  the 
sequel. 

(k)  This  is  very  manifest  from  those  parts  that  have  their  connexion 
with  their  associates  disturbed  either  by  accident  or  disease,  and  which 
are  recalled  to  that  connexion  in  a  thousand  ways ;  or  should  this  be 
impossible,  are  dissociated  and  expelled,  lest  they  should  draw  sound 
parts  into  danger  with  them. 

(Q  The  truth  of  this  proposition  is  plain  fi^m  the  mere  general 
description  of  the  periostea ;  respecting  which,  Winslow  says  :  '*  The 
periosteum,  in  general,  is  a  membrane,  or  membranous  expansion,  .  .  . 
of  a  very  dose  and  unyielding  texture,  and  exquisitely  sensitive,  com- 
posed of  several  planes  of  particular  fibres,  differently  disposed,  and 
intermixed  with  a  quantity  of  little  vessels  and  nervous  filaments.  .  .  . 
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531.  In  order  to  the  existence  of  a  sensorium  that  can  appre^ 
hend  the  several  varieties  of  an  object  with  their  differences  and 
distinctions,  the  fibres  must  be  disposed  into  an  organic  form.  For 
the  fibres  are  put  together  and  the  form  conceived  with  reference 
to  every  kind  of  variety  and  idea  of  use;  as  the  papillary  form 
with  r^erence  to  touch.  Use  has  all  sway  in  the  body  and  its 
organs,  and  as  it  were  draws  the  first  and  last  line  everywhere, 
and  conceives  and  builds  the  fsEibric  on  the  model  of  itself  (m). 

The  innermost  plane  of  the  fibrous  texture  of  the  periosteum,  which  is 
immediately  adherent  to  the  surface  of  the  bone,  is  fixed  thereto  by  in- 
numerable fine  fibrous  extremities,  detached  from  all  the  planes,  and 
implanted  in  the  pores  of  the  bone.  Those  extremities  are  accompanied 
by  capillary  vessels  and  nervous  filaments,  which  run  some  way  between 
the  different  planes  of  the  periosteum,  and  penetrate  the  innermost 
plane  at  the  orifices  of  the  pores  of  the  bone."  (Exp.  Anat.,  Tr.  des  Os 
Fraisy  n.  60,  62.)  The  nature  of  the  coimexions  of  the  dura  and  pia 
mater  will  be  shewn  in  the  following  Part.  Touch  exists  even  in  the 
organs  of  the  other  senses  (n.  525). 

(m)  I  endeavored  to  shew  this  by  an  abundance  of  evidence  in  the 
two  preceding  Parts,  in  the  analysis  of  each  viscus.  Thus  we  have  the 
following  positions  :  Use  is  the  first  point  of  enquiry ;  since  all  things 
are  formed  according  to  use :  and  from  the  use  we  know  what  a  mem- 
ber is  in  itself;  what  it  is  in  relation  to  other  members  continuous  with 
it ;  and  what  it  is  in  relation  to  those  prior  and  posterior  to  it.  (Part  I., 
p.  33,  n.  32.)  The  use,  as  the  end,  first  of  idl  manifests  itself,  inas- 
much as  it  is  continually  present  and  involved  in  the  series  of  progres- 
sion. (Ibid.y  p.  34,  n.  32,  d.)  We  are  to  judge  of  the  fiibric  from  the 
use :  but  if  the  use  is  unknown,  it  must  be  evolved  from  the  fiibric. 
(Ibid.,  p.  430,  431,  n.  286,  g.)  We  are  to  inquire  how  use  brings 
forth  use,  since  there  is  a  chain  of  all  things.  (Part  II.,  p.  141,  n.  393 ; 
p.  361 — 366,  n.  464 — 466,  and  the  notes.)  All  things  that  are  pro- 
duced successively,  are  fashioned  before,  and  according  to,  the  use  that 
they  will  afterwards  perform.  (Economy  of  the  Animal  Kingdom,  tr.  i.. 
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It  is  in  a  manner  the  soul,  while  the  fitbric  is  its  organic  sub- 
ject, or  the  body  of  that  soul.  We  see  a  suffidentlj  Kv^ 
specimen  and  example  of  this  in  the  mind  itself,  thus  in  our 
very  selves.  When  the  mind  intends  to  accomplish  a  predeter- 
mined end,  it  contrives  and  sets  up  as  it  were  suitable  fabrics  to 
promote  the  end ;  in  other  words,  it  conceives  and  brings  forth 
series  of  efficients,  or  chains  of  means,  which  it  reduces  to 
ultimate  order  in  mutual  subordination  to  each  other,  so  that  by 
them,  thus  put  together,  it  may  move  onwards  with  incessant 
advance  and  with  a  firm  step  to  the  effect  or  use  of  the  end. 
There  are  as  many  mirrors  of  uses,  or  of  progression  from  the 
first  end  to  the  last,  as  there  are  oi^ans  and  viscera,  and  parts 
of  these,  even  least  parts,  in  the  body.  The  muscle,  from  the 
first  stamen,  tends  and  is  bent  to  its  use  with  unerring  direction, 
and  in  the  completed  series  of  its  moving  fibres,  it  straightway 
assumes  and  puts  on  the  image  of  its  use,  which  in  fine  it  so 
exactly  represents  and  effigies,  that  nothing  can  be  involved  in 
the  motion  or  action  to  be  produced,  which  is  its  use,  that  it 
does  not  possess,  and  when  the  will  of  the  mind  commands, 
evolve  into  act  (n).     The  ffland,  of  whatever  kind  it  be,  whether 

n.  251.)  So  that  everything  is  a  means  to  some  ulterior  use  or  end ; 
so  always,  that  while  it  is  placed  in  the  middle,  it  contains  the  ratio  of 
the  things  following  it,  and  refers  itself  to  those  going  before  it,  upon 
which  it  depends,  and  for  the  sake  of  which  it  exists  in  its  own  distinc- 
tive manner.  (Ibid.,  n.  252;  and  tr.  ii.,  n.  365.) 

(n)  If  we  well  consider  any  muscle,  and  its  innermost  fibres,  and 
the  moving  fibres  composed  of  these,  and  their  arrangement  for  a  pre- 
appointed use,  we  shall  see  clearly,  that  as  many  species  of  motion  as 
there  are  fibres  may  be  produced  firom  such  muscle ;  at  any  rate,  as 
there  are  fibres  that  can  cooperate  with  their  companions,  and  with 
those  of  other  muscles :  not  to  mention  degrees  of  celerity.  Thus  the 
variations  and  differences  of  uses  easily  rise  to  something  like  infinity, 
or  elude  our  most  subtle  calculations.  The  muscle  is  immediately  bom 
and  introduced  into  these  uses  by  its  first  fibre  :  so  that  there  is  a  use 
that  is  conceived  in  our  highest  mind,  and  determines  all  things ;  and 
that  this  mind  aspires  to  a  kind  of  infinity,  is  erident  firom  a  mere  con- 
templation of  uses.  Nothing  that  is  in  any  way  possible  can  be  offered, 
within  a  given  sphere,  in  the  execution  of  uses,  that  does  not  appear 
imprinted  upon  the  organ  that  is  to  execute  it. 
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glome  or  globe^  in  like  manner  grows  into  all  the  series  and 
instrumentality^  and  at  last  into  the  full  ^efl&gy  of  its  use. 
The  same  may  be  said  of  all  the  viscera  of  the  organic  body  (o) ; 
for  when  you  term  them  machines  of  eflfects,  you  also  term  them 
series  of  ends  and  uses,  which  govern  the  fibres  and  vessels 
from  the  first  causes  to  the  last,  just  as  a  charioteer  governs  the 
reins  of  his  chariot  to  the  goal  and  the  palm.  So  also  touch, 
which  is  the  use  of  the  papillary  cutis,  constantly  weaves  to- 
gether the  fibres  and  stamina  to  the  likeness  and  on  the  model 
of  itself,  in  order  that  this  sense  may  stand  forth  and  appear  in 
its  real  character  in  the  organ,  and  vice  versd,  the  organ  in  the 
sense ;  for  whatever  can  possibly  be  involved  in  touch,  is  found 
inwoven  and  innate  in  its  organ. 

532.  In  general,  the  organic  forms  of  the  body,  whether  they 
be  sensoria,  or  muscles,  or  viscera,  are  perfect  in  proportion  to 
the  simplicity  of  the  forms  or  ideas  that  they  commence  from, 
and  which  are  their  unities.  Every  form  or  series  has  its  proper 
unities  (/>).  The  lungs  have  vesicles  as  unities:  the  liver  and 
the  pancreas,  glands,  and  what  are  termed  the  hepatic  pores  : 

(o)  I  should  be  entering  on  an  immense  field,  if  I  were  to  recount 
only  in  general  the  uses  of  each  viscus,  so  as  by  this  means  to  procure 
a  universal  idea  ;  for  this  is  the  primary  object  of  our  analytic  investi- 
gations ;  also,  that  from  the  representation  of  uses  in  the  body,  we  may 
be  the  better  informed  and  instructed  respecting  the  intuition  of  ends 
in  the  soul,  whence  spring  the  uses,  (that  are  there  represented  as  ends,) 
which  we  contemplate  in  the  fabrics  of  the  body. 

(p)  I  have  treated  throughout  in  the  foregoing  Parts  of  the  unities 
of  the  viscera,  which  I  have  occasionally  called  simples  and  leasts. 
Thus :  The  moving  fibres  are  the  simples  of  muscle.  (Part  I.,  p.  53, 
n.  44.)  The  lesser  glands,  and  the  papillae,  are  simples  of  their  kind. 
(Ibid,,  n.  44,  note  •'.)  Whatever  is  seen  in  compounds,  arises  out  of 
simples.  (Ibid,,  p.  129,  130,  n.  100.)  The  stomach  consists  of  simpler 
stomachs,  that  act  more  perfectly  and  more  universally.  (Ibid,,  p.  130 — 
133,  n.  101 — 103,  notes  jp  and  «.)  And  congregate  entities  stand  re- 
lated to  their  unities,  as  to  their  simplest  parts  :  but  by  unities  we  do 
not  at  all  mean  the  monads  of  Morinus,"^  the  homoeomeriae  of  Anaxagoras 
of  Clazomene,  or  the  atoms  of  Epicurus;  or  the  elements,  primitives,  and 

*  Swedenborg  says,  **  monadet  Mori"  but  I  presume  he  alludes  to  J.  B.  Morinus, 
who  wrote  DeAtomu  et  Vacuo,  I  cannot  find  any  one  named  Moms  who  has  treated 
of  the  subject. — (TV,J 
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the  spleen^  polygonal  cells :  the  ureters,  the  stamina  of  the 
cortical  substance  of  the  kidneys ;  and  then  the  tubuli  Belli- 

simples  of  some  authors,  so  £ur  as  they  are  understood  to  be  indivisible ; 
but  those  things  that  are  the  least  in  each  series,  and  enter  its  form,  as 
its  essential  parts ;  and  which  are  proper  to  it,  and  would  not  suit  any 
other  series  or  form  if  they  were  applied  to  it.  (Economy  of  the  Animal 
Kingdom^  tr.  i.,  n.  629,  630,  631.)  In  order  that  we  might  be  en- 
abled to  procure  a  clearer  idea  of  the  division  of  a  compound  down  to 
its  unities,  I  have  proceeded  by  real  instances,  confirmed  in  the  proper 
places  by  many  proofs,  and  which  illustrate  at  the  same  time  that  they 
confirm.  Let  us  recur  to  one  only ;  namely,  to  what  we  said  of  the 
pulmonary  vesicles.  It  is  sufficiently  certain  that  the  puhnonaiy  veside 
is  the  unity  of  the  lungs  as  regards  their  respiratory  office,  inasmuch  as 
there  is  no  lesser  cavity  into  which  the  air  can  penetrate,  and  inasmuch 
as  the  lungs  exist  and  are  called  the  lungs,  from  their  vesicles.  What- 
ever goes  beyond  the  vesicles,  or  whatever  that  is  more  simple  exists 
within  them,  as  the  fibre  or  ci^illary  vessel  that  enters  the  composition 
of  the  vesicle,  cannot  be  called  the  proper  unity  of  the  lungs,  for  the 
fibres  and  vessels  universally  determine  every  fabric  of  the  body.  To 
the  lungs  or  their  unities  belong  only  the  organic  texture  or  form  that 
those  fibres  and  vessels  generate,  to  produce  the  veside.  The  like  ob- 
tains in  all  other  parts,  whether  they  be  organs  or  viscera.  Further- 
more, it  is  to  be  observed,  that  different  kinds  of  unities  nmy  coexist  in 
one  viscus  ;  namely,  unities  that  pertain  to  different  Amctions.  Thus  in 
the  lungs  we  have  the  cells  or  follicles  on  the  outside  of  the  vesides  or 
bronchial  branches,  into  which  follicles  the  serum  of  the  blood  is  thrown 
by  the  venous  artery ;  for  these  pertain  to  its  office  as  a  purificatory  of 
the  blood.  The  same  thing  b  exemplified  in  the  tongue ;  its  pyramidal 
papillae  belong  to  its  gustatory  function;  the  glands  with  which  its 
surface  is  beset,  to  its  Hbatory  function ;  the  muscular  fibres,  as  unities, 
to  its  motory  function.  It  is  absolutely  necessary  to  form  a  distinct 
idea  and  perception  of  unities ;  for  thereby  many  phenomena  that  would 
otherwise  lie  quite  buried  and  hidden  till  the  end  of  time  under  a  mere 
controversy  respecting  divisibiUty  of  parts,  are  brought  out  of  darkness 
into  some  degree  of  light.  Boerhaave  dissertates  ingeniously  to  the 
following  effect  on  the  subject  of  divisibility :  "  All  the  solid  parts  of 
the  body,"  says  he,  '*  are  constituted  of  other  lesser  parts,  as  Uke  as 
possible  to  the  larger ;  vessels,  of  little  vessels ;  bones,  of  little  bones ;  and 
this  fabric  proceeds  altogether  beyond  the  limit  of  the  senses,  however 
assisted  by  artificial  means,  as  Malpighi,  Ruysch,  Leeuwenhoek,  and 
Hooke  have  clearly  shewn  by  experiment.     Yet  thb  division  seems 
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niani :  the  brains  have  the  cortical  glands  and  simple  fibres ., 
the  muscles,  moving  fibres :  the  tongue,  the  oesophagus  and 
the  stomach  also  have  their  unities :  the  eye  has  the  filaments 
and  villi  of  the  retina  as  unities:  the  organs  of  smell,  taste 
and  touch,  have  papilliform  fibres.  The  power,  efficacy^  and 
nature  of  these  unities  are  determined  by  the  form  that  is 
bestowed  upon  them  by  the  fibres  and  vessels  (;).  Similar 
unities  are  to  be  admitted  in  all  accidents,  modes^  and  other 
adjuncts  of  which  any  form  is  predicable,  as  in  substances  as 
subjects  [of  accidents,  modes,  &c.]  These  unities  are  noble  in 
nature  and  essence^  in  proportion  to  the  priority  and  height  of 
their  origin  and  extraction,  because  in  this  proportion  they  are 
related  and  proximate  to  the  first  unities,  firom  which  the  per- 
fection of  all  the  succeeding  unities  is  derived ;  and  thereby  are 
of  a  more  illustrious  stock,  or  if  I  may  be  allowed  the  expres- 
sion, of  a  more  celestial  lineage.  Take  as  an  instance  the 
imities  of  the  cortical  substances  of  the  brain,  which  are  set  in 
the  highest  place  and  in  the  greatest  state,  and  derive  their 
origin  direct  from  the  simplest  and  omniparent  fibres,  and  in  a 
manner  have  their  descent  from  heaven.  But  not  so  the  organs 
and  viscera  of  the  lower  sphere^  which  are  more  ignoble,  inas- 
much as  they  are  sprung  from  compound  fibres,  and  from  ves- 
sds.  The  papillary  forms  of  the  cutis,  or  touch,  do  not  derive 
their  unities  from  so  high  a  source  as  do  taste  and  smell :  nor 
the  latter  from  so  deep  a  ground  as  do  hearing  and  sight :  for 
which  reason  the  very  fibres  of  the  latter  are  comparatively 

scarcely  to  go  on  to  infinity,  so  far  as  we  can  learn  from  the  nature  of 
the  food  and  humors."  (Inst.  Med.,  n.  439.)  But  as  we  see,  he  here 
extends  the  dmsibility  down  to  the  minutest  fibrillse :  thus  beyond  the 
proper  unities  of  each  member. 

(q)  These  unities  have  been  mentioned  and  described  throughout, 
in  their  places,  where  we  have  treated  of  the  above  viscera.  For  it  is 
impossible  to  arrive  at  a  knowledge  of  the  use  of  the  viscera,  unless  at 
the  same  time  of  their  unities ;  since  from  these,  the  viscera  derive  their 
first  powers  and  natures,  but  their  second  nature  from  the  form  and  de- 
termination in  the  composition  of  these.  To  this  point  it  behoves  us  to 
pursue  and  scrutinize  bodies  analytically,  unless  we  would  stick  and 
wander  in  the  crust  and  surface  alone,  without  ever  breaking  the  sheU, 
and  penetrating  to  the  kernel,  or  to  interior  things. 

HH  2 
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delicate  and  soft  firom  their  first  origin  or  birth ;  I  allude  to  the 
fibres  of  the  ol£actory,  auditory^  and  optic  nenres ;  for  the  fibres 
by  which  the  forms  are  to  be  generated,  are  adapted  from  the 
first  stamen  to  every  kind  of  yariety  and  idea  of  use  in  the  ex- 
tremes (n.  531) ;  so  that  there  is  always  a  rise  in  dignity  accord- 
ing to  the  value  of  the  unities.  It  is  easy  to  understand,  that 
unities  are  quantities  great  and  small,  and  even  in  some  cases  in- 
tegers and  totals,  from  the  indeterminate  arithmetical  unities  and 
numbers  determined  and  applied  to  use  in  household  economy, 
mechanics,  statics,  astronomy,  music,  anatomy,  surveying,  &c.  (r). 
583.  The  unities  of  organs  associate  together  mutually,  and 
the  associations  so  farmed,  again  combine :  thus  ftniiies  generaUy 
ascend  to  the  third  series  or  dimension  of  composition  before  they 
complete  their  determinations.  Such  is  the  case  in  the  nerves, 
the  muscles,  the  viscera  of  both  regions,  the  sensorial  organs, 
and  their  common  sensorium,  the  cerebrum  {s).    The  fibres  of 

(r)  It  will  be  plain  that  unities  are  predicated  of  the  greatest  things 
as  well  as  of  the  least,  if  we  only  consider  that  unities  do  not  respect 
leasts,  but  individuals.  The  unities  of  human  society  are  men,  thus 
entire  bodies ;  the  unities  of  the  muscular  system  are  entire  muscles. 
A  weight  is  styled  one,  and  a  measure  one,  the  greatest  as  weU  as  the 
least :  nay,  universes  are  termed  units  or  unities,  if  they  be  compared 
with  their  likes.  Wherefore  each  series  form,  and  substance  is  consi- 
dered as  a  unity  by  itself;  but  the  unities  of  the  series  itself,  are  those 
firom  which  it  exists  and  subsists.  These  points,  however,  are  too  well 
known  to  require  any  commentator  or  expositor. 

(#)  In  order  that  we  may  understand  how  the  formations  of  things 
take  place,  or  how  forms  exist,  we  must  attend  particularly  to  those 
forms  that  are  displayed  in  the  animal  body;  in  the  generation  of 
which,  all  that  is  most  mysterious  in  nature,  consequently  in  the  whole 
of  human  science  and  art,  is  heaped  together  and  concentrated.  From 
these  forms,  as  the  last,  we  may  conclude  analytically  to  nature's  other 
forms,  as  prior  to  these ;  to  those,  namely,  that  obtain  in  the  vege- 
table and  mineral  kingdoms,  and  in  the  atmospheric  world ;  and  even 
to  the  forms  of  human  societies ;  in  a  word,  to  everything  of  which 
form  is  predicated ;  that  is,  to  everything  that  can  exist ;  for  it  derives 
fi^m  its  f(Hrm  the  fact  that  it  is  something  and  has  some  quality.  On 
thb  threshold,  where  we  are  speaking  of  the  external  senses,  I  have 
considered  it  right  to  bring  together  these  particulars  that  belong  to 
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the  nerves,  when  joined  and  set  together^  make  a  little  nerve  or 
bundle  that  serves  as  a  new  principle ;  and  a  number  of  these 
little  bundles  again  conjoined^  produce  the  entire  bundle  termed 
a  nerve  (/).  The  first-bom  moving  fibres  of  the  muscles  by  their 
association  generate  a  visible  fibre^  properly  the  moving  fibre ; 
a  number  of  the  latter  again  by  their  coordination  generate  the 
muscle.  The  vesicles  of  the  Itmgs,  as  scattered  grapes^  unite 
into  lobules  like  clusters ;  and  these  lobules  again^  by  means 
of  the  bronchial  vessels  and  pipes^  imite  into  lobes^  as  it  were 
the  boughs  of  the  vine^  of  which  lobes  the  lung  is  made  up  {u). 
The  same  may  be  said  of  the  glands  of  the  liver,  which  put  to- 
gether in  the  first  instance^  by  means  of  the  vessels  and  pori 
bilariiy  rise  into  lobules ;  which  lobules  again  combining^  com- 
plete the  mass  of  the  body  of  the  organ  (x).    And  also  of  the 

forms  generally ;  for  the  sensoria,  like  the  viscera,  are  nothing  but  or- 
ganic forms,  although  exhibiting  among  them  a  wonderful  play  of 
variety ;  but  if  they  were  explored  one  by  one  according  to  their  varie- 
ties, without  a  common  notion  of  forms,  our  ideas  would  certainly  not 
be  collected,  but  dissipated ;  for  every  organ  differs  specifically  firom 
every  other ;  but  in  these  predicates  that  are  now  being  explained,  they 
all  agree  entirely. 

(t)  Everything  in  the  visible  world  has  its  determinate  greatest  and 
least,  or  maximum  and  minimum,  and  proceeds  firom  its  maximum  to 
its  minimum,  and  from  its  minimum  to  its  maximum ;  so  it  is  with 
the  blood-vessels,  and  so  with  the  nerves.  (Economy  of  the  Animal 
Kingdom,  tr.  i.,  n.  156 — 161.)  In  our  Parts  on  the  Cerebrum  and 
the  Nerves,  we  shall  shew  from  the  ocular  experience  of  many  authors, 
that  the  nerves  derive  their  primary  origin  from  fibres,  and  that  the 
fibres  unite  together  into  a  fine  fasciculus  also  called  a  uervule  or  little 
nerve,  or  while  it  is  yet  within  the  cranium  or  the  vertebral  theca,  a 
principle  of  nerve;  and  that  these  little  nerves  compose  the  nerve 
itself.  likewise,  that  the  muscles  derive  their  origin  firom  the  least 
motricular  fibres,  which  are  gathered  together  into  a  larger  fasciculus 
called  a  moving  fibre,  of  [a  number  of]  which  the  muscle  is  formed. 

(m)  Respecting  the  formation  and  origin  of  the  lungs  from  vesicles, 
lobules  and  lobes,  see  Heister,  Part  II.,  p.  121,  n.  385;  Winslow, 
ibid.,  p.  124,  125,  n.  387;  Malpighi,  ibid,,  p.  128—131,  n.  388,  389. 
See  also  the  Analysis  of  the  Lungs  throughout. 

(;r)  See  the  description  of  the  liver  by  Heister^  Part  I.,  p.  253 — 255, 
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pancreas,  which  commencing  from  its  glandular  follicles  disposed 
in  masses^  grows  to  its  dimension^  and  becomes  a  body  (y). 
The  thymus  also  from  similar  beginnings  fitly  conglomerated^ 
springs  up  into  a  considerable  gland.  The  urinary  tubules  of 
the  kidneys,  associated  together  into  conical  or  pyramidal  sec- 
tions^ and  these  sections  themselTcs  again  associated^  complete 
their  ultimate  dimension  (z).  The  buds  or  glands  of  the  cor- 
tical substance  of  the  cerebrum  are  accurately  fitted  one  to 
another^  and  by  means  of  the  blood-vessels^  unite  into  little 
balls  or  glomes ;  these  again  combined^  produce  new  series,  by 
the  spiral  circumvolution  or  convolution  of  which  the  cerebrum 
itself  is  generated.  Something  analogous  is  evidently  the  case 
with  the  papiUary  substance  of  the  cutis ;  this  is  woven  in  the 
first  instance  of  the  finest  fibres,  which  are  then  grouped  to- 
gether to  form  papillae,  and  from  the  association  again  of  these 
papillae,  the  true  organ  of  touch,  or  the  last  of  the  sensoria^ 
receives  its  form  and  attains  its  completeness  (a).  Nature  goes 
through  similar  steps,  and  mounts  by  the  same  scale  of  progres- 
sive elevation,  in  all  the  other  organs  {b) ;  and  beginning  firom 

n.  191  ;  by  Winslow,  ibid.,  p.  256—259,  n.  194 ;  by  Malpighi,  p.  261, 
262,  n.  197. 

(y)  This  becomes  still  more  evident  from  the  descriptions  and  deli- 
neations of  the  pancreas.  (Part  I.,  p.  306 — 309,  n.  219 — 224.) 

(z)  See  the  description  of  the  Kidneys  by  Heister,  Part  I.,  p.  415, 
416,  n.  278;  by  Winslow,  ibid.,  p.  416—418,  n.  280;  and  particu- 
larly by  Malpighi,  ibid.,  p.  420—424,  n.  282 ;  who  also  shews,  that 
the  kidneys  of  some  animals  are  not  divided  into  pyramidal  sections,  as 
in  man,  but  into  loboles,  like  the  other  glandular  viscera. 

(a)  We  shall  have  an  opportmiity  of  shewing  in  the  sequel,  that 
the  first  unities  of  the  papillary  organ,  or  of  the  touch,  of  the  cutis, 
are  not  the  papillae  themselves,  but  the  fibres  that  construct  the  pa- 
pillae ;  also  that  the  papillae  are  disposed  again  in  circular,  spiral,  or 
other  series. 

(6)  There  are  moreover  compositions  that  do  not  rise  fiirther  from 
their  unities  than  the  second  series  or  division  of  composition ;  for  in- 
stance, certain  of  the  more  simple  and  uniform  glands,  which  in  fact 
are  not  seen  to  be  divided  into  lobules.  There  are  others  again  that  go 
as  high  as  the  fourth  d^ree  of  composition ;  for  example,  the  cere- 
brum ;  also  certain  trunks  of  nerves,  as  the  great  brachial  and  crural 
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her  unities^  or  from  her  leaats^  simples^  principles,  elements, 
or  as  it  were  points  and  lines,  and  thus  advancing  by  repeated 
compositions,  ascends,  or  rather  descends,  until  she  reaches  the 
last  series,  and  so  produces  a  body  of  trine  dimension. 

534.  These  series,  or  bodies  of  trine  dimension,  viscera,  mem- 
bers  or  organs,  are  at  the  same  time  conjoined  by  bonds;  the 
unities  themselves,  by  theirs ;  the  series  proximately  derived  from 
the  unities,  by  theirs ;  finally  the  composition  itseff,  or  the  whole ; 
which  is  covered  with  a  coat,  as  the  bond  of  all,  or  the  common 
bond,  from  which  the  Uitle  coats  and  bonds  of  the  other  parts 
proceed,  whereby  the  parts  are  bound  to  the  common  service,  and 
Iwe  in  a  harmonious  division  of  labor.  In  order  that  all  things 
may  be  joined  by  individual  consent,  and  that  generab  may 
side  harmonically  with  the  parts  of  their  parts,  and  agree  with 
them,  they  are  wonderfully  conjoined  by  bonds  into  a  form  of 
society.  Prom  the  proximate  or  proper  common  coat  of  the 
nerves  stamina  are  given  off,  that  bind  the  fascicles,  and  from 
the  coats  of  the  fascicles  again,  stamina  that  bind  the  fibres, 
and  thus  ally  the  parts  to  the  general.  From  the  sheaths  of 
the  muscles  cords  are  similarly  detached,  that  both  connect  and 
tie  down  the  visible  moving  fibres ;  from  these  again  fresh  cords 
proceed,  that  associate  the  invisible  and  likewise  moving  fibres. 
From  the  common  integument  of  the  liver  membranes  are  sepa- 
rated, that  clothe  the  lobes ;  and  at  the  same  time  capsules  and 
sheaths  proceed,  that  cover  over  and  bind  down  the  glands  or 
unities;  and  this,  in  order  that  the  parts  may  stand  by  the 
compound,  and  that  the  compound  may  stand  by  the  parts. 
The  same  thing  occurs  in  the  pancreas,  the  spleen,  the  kidneys, 
the  renal  capsules,  the  lungs,  and  the  other  members  of  this 
kingdom  (c).  In  the  brains,  in  the  most  becoming  order  of 
all,  from  the  proximate  or  proper  membrane  proceed  vascular 

trunks,  in  which  a  number  of  nerves  are  enclosed  together  in  a  common 
tunic.  But  we  find  that  order  the  most  usual,  which  proceeds  firom  its 
simple  to  the  third  degree  of  altitude  or  composition.  I  have  not 
thought  it  necessary  to  prove  these  points  in  greater  detail,  since  they 
only  involve  the  form  or  conformation  of  the  viscus,  which  is  given  in 
the  descriptions  and  plates  of  all  anatomical  authors. 

(c)  These  again  are  mere  objects  of  experience,  forasmuch  as  they 
belong  to  form,  and  are  found  and  demonstrated  by  every  anatomist ; 
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congeries,  which  like  soft  tunics  invest  the  cortical  spherules ; 
from  these  tunics  and  at  the  same  time  frt)m  the  pia  mater  off- 
sets are  detached  that  clothe  each  part  of  the  cortex  with  a 
most  delicate  membrane,  or  piissima  mater :  hence  there  arises 
an  individual  concurrence  or  consent  of  all  under  the  general 
auspices.  Likewise  in  the  papillary  organ  of  the  cutis ;  from  the 
corpus  reticulare,  as  from  a  common  bond,  little  vascular 
branches  or  leaves  come  off  that  cover  the  several  papillae ;  from 

the  hcty  I  mean,  that  the  nerves,  the  mnsdes,  the  conglobate  glands, 
the  cerebrum,  and  many  other  organs  as  well  as  viscera,  are  encom- 
passed by  two  membranes;  and  that  from  the  inner,  which  ib  the 
proper  membrane  of  the  viscos,  connecting  cords  are  seen  to  be  pro- 
duced, that  go  to  every  part,  and  even  invest  it  with  a  little  tunic  pro- 
pagated therefrom.  Simply  to  instance  the  ^ands  of  the  liver.  "  flach 
glandular  granule  [of  the  Uver],*'  says  Winslow,  "  is  bounded  and  in  a 
manner  invested  by  a  particular  expansion  of  the  capsule  of  Glisson : 
and  all  these  expansions  are  held  together  by  common  septa,  almost 
like  the  cells  of  a  bee-hive."  (Part  I.,  p.  259,  n.  194.)  The  same 
thing  will  be  found  to  hold  good  with  the  brains  and  the  nerves,  when 
we  come  to  the  description  of  them.  So  usual  is  the  plan  of  binding 
together  particulars  by  ligaments  produced  from  the  common  tunic,  that 
it  is  never  departed  from  in  any  of  the  viscera.  But  with  respect  to 
the  more  common  membrane  with  which  they  are  for  the  most  part 
surrounded,  it  appears  to  be  taken  on  for  the  purpose  of  agsin  attaching 
the  viscus  or  member  to  a  more  common  coat  or  bond,  as  the  parts  are 
attached  to  theirs ;  to  wit,  to  the  peritonaeum,  the  pleura,  or  the  dia- 
phragm, to  which  likewise  ligaments  proceed,  as  from  the  lungs,  the 
liver,  the  stomach,  the  intestines,  the  pancreas,  the  kidneys,  the  suc- 
centuriate  kidneys,  the  ureters,  the  bladder,  the  uterus :  thus  the  same 
plan  is  followed  in  the  greatest  and  least  things.  Everything  refers 
itself  to  its  general,  in  order  that  scattered  modes  may  be  collected  into 
one.  (Part  1.,  p.  53,  54,  n.  44,  45,  k,  L)  And  this  is  brought 
about  by  means  of  tunics.  (Ibid,,  p.  54,  55,  n.  45, 46,  o.)  The  common 
covering  propagates  itself  to  all  parts.  (Ibid.,  p.  494,  495,  n.  320.) 
All  the  viscera  of  the  thorax,  and  all  the  viscera  of  the  abdomen,  stand 
related  to  the  diaphragm  as  the  most  common  covering  and  bond. 
(Part  II.,  p.  300,  301,  n.  446.)  The  pleura,  the  peritoneeum,  and  the 
diaphragm  put  forth  ligaments  to  all  the  viscera.  (Ibid.,  301 — 303, 
n.  447.)  It  is  in  the  least  things  as  in  the  greatest.  (Analysis  of  the 
Peritonaeum,  passim.) 
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the  surface  of  the  papilhe  again  proceed  the  most  delicate  bonds^ 
which  run  to  every  fibre  of  the  papilla^  and  surronnd  it ;  or 
what  amounts  to  the  same  things  from  each  parent  fibre,  little 
chains  and  ligaments  run  to  the  little  coat  or  bark  of  the  pa- 
pilla ;  from  this  again  fi^sh  ligaments  run  to  the  corpus  reti- 
culare,  which  sustains,  strengthens,  and  balances  all  the  papillce 
(n.  498),  gathers  together  scattered  parts,  gives  them  distinct- 
ness, reduces  them  to  form,  and  thus  causes  everything  to  refer 
itself  to  a  general  (n.  499),  and  which  serves  as  a  link  and 
instrument  of  union  to  the  papillary  substance,  the  glands,  and 
the  fat  (n.  497).  By  virtue  of  such  concatenation,  nothing  but 
harmony  and  consistency  can  arise,  and  the  same  thing  is 
enabled  to  appear  one  to  all. 

535.  Nevertheless^  orgatdc  forms  are  perfect^  in  proportion  as 
the  several  parts  that  essentially  enter  and  compose  the  form,  are 
placed  distinctly  with  respect  to  each  other;  but  yet  concur  unani- 
mously to  produce  common  effects  and  uses.  For  every  part  has 
its  own  form  given,  its  own  nature,  its  own  power,  its  own 
force :  to  every  form  this  is  imparted,  in  order  that  it  may  be 
the  cause  of  an  efibct,  and  the  contributor  of  a  use :  such  is  the 
case  in  every  society,  whether  living  or  dead.  For  the  more 
distinctly  any  individual  thing  acts,  the  more  distinctly  it  lives ; 
the  more  finely  the  blood  circulates  through  its  vessels,  the 
spirit  through  its  fibres ;  the  more  harmoniously  with  its  heart 
does  it  beat,  with  its  lungs  does  it  respire,  and  with  its  brain 
does  it  animate;  and  so  vies  with  its  companions  in  obedience 
and  contends  for  the  reward.  That  the  greatest  and  the  least 
things  are  placed  distinctly  with  regard  to  each  other,  is  appa- 
rent from  the  several  fibres  of  the  nerves,  and  from  the  several 
fibres  of  the  muscles ;  from  the  several  vesicles  and  cells  of  the 
lungs ;  from  the  several  glands  of  the  liver,  the  pancreas,  and 
the  thymus ;  from  the  several  tubules  of  the  kidneys ;  from  the 
several  substances  of  the  cerebrum ;  and  from  the  several  pa- 
pilhe  of  the  nares,  the  tongue,  and  the  cutis :  for  all  these, 
like  little  wheels  of  an  axis,  are  circumscribed  in  their  sphere 
of  activity,  surrounded  with  watery  moisture,  and  besmeared 
on  all  sides  with  unctuous  humor  (d).    Without  descending  to 

(d)  See  Part  II.,  p.  269,  270,  n.  433  (a),  where  this  was  suffi- 
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the  case  of  minute  animalcules^  we  have  a  remarkable  exem- 
plification of  the  great  mutual  distinctness  of  these  least  forms 
in  young  subjects^  while  the  internal  and  external  powers  are 
inchoate^  in  our  own  embryos  and  infemts^  where  everything  is 
moveable  every  way^  articulate^  capable  of  perspiring^  and  so 
of  conspiring ;  and  this,  down  to  the  very  tendons^  cartilages^ 
and  bones ;  which  become  concrete  as  we  recede  from  the  life  of 
this  life ;  that  is  to  say^  the  muscles  grow  tendinous^  the  tendons 
become  cartilaginous^  the  cartilages  ossify^  the  vessels  are 
blocked  up  with  slime^  the  fibres  are  forced  into  contact  with 
other  fibres^  the  pores  become  imperspirable  :  thus  life  advances 
to  its  goal^  and  declines  to  solid  age.  But  the  powers  then 
betake  themselves  inwards^  firom  the  body  to  the  mind^  so  that 
the  latter  may  stand  on  the  threshold  ready  to  ascend  to  the 
higher  or  still  more  internal  sphere.  Again^  this  same  mind  is 
obscure  in  proportion  as  it  is  indistinct^  but  bright  in  proportion 
as  it  is  distinct ;  in  the  former  case  presenting  the  appearance 
of  death ;  in  the  latter,  the  appearance  of  life. 

536.  Organic  forms  again  are  perfect  in  proportion  as  their 
unities  and  compounds  stand  related  to  a  similar  type,  and  shew 
themselves  to  be  of  one  genus,  in  their  power  and  manner  of  act- 
ing. Also  in  proportion  as  the  parts  of  the  same  organ  are 
specifically  distinguished  from  their  companions  by  differences  and 
variety,  and  at  the  same  time  are  conjoined  with  them  in  fitting 
harmony.    With  respect  to  the  first  point,  equations  and  oom- 


ciently  proved  by  the  instance  of  the  thymus  gland :  it  b  also  confirmed 
in  several  places  in  the  present  Part,  by  the  phenomena  of  the  Sancto- 
rian  perspiration.  And  it  is  further  evident  from  this  consideration, 
that  unless  the  moving  fibre  were  left  to  its  own  state,  or  at  liberty,  it 
oonld  in  nowise  admit  of  being  expanded  and  contracted  among  its  as- 
sociates, to  suit  every  form  of  action  commanded.  Unless  each  pul- 
monary vesicle  were  expansile  and  contractile  in  the  most  free  manner 
in  its  place,  the  lungs  could  in  nowise  bring  out  all  the  vastly  different 
and  numerous  modes  of  respiration  that  are  required  in  speaking  and 
singing.  Unless  the  gland  possessed  the  most  liberal  power  of  expan- 
sion and  constriction,  it  could  not  so  promptly  attract  the  essences,  or 
throw  them  out  through  its  little  emissary  ducts  according  to  every 
emerg^icy  of  use,  &c. 


Digitized  by  VjOOQ IC 


ORGANIC  FORMS  GENERALLY.  475 

positions^  like  numbers^  are  homogeneous  with  their  unities  (e). 
Eyery  subject  has  its  nature  communicated  to  and  implanted  in 
it  by  its  ground^  and  as  it  were  by  its  seed ;  hence  the  liver 
obtains  firom  its  glands  its  power  to  refine  the  chyle,  and  to 
generate  the  new  blood.  The  pancreas  [obtains  from  its  glands 
the  power]  to  prepare  a  menstrual  juice  for  the  intestines,  and 
together  with  the  spleen,  to  send  the  cruor  to  the  liver,  for  it  to 
lustrate  and  impregnate  with  chyle.  The  stomach  and  intes- 
tines obtain  from  their  primitives  the  power  to  triturate  and 
digest  the  food,  and  reduce  it  to  an  innocuous  and  nutritious 
juice.  The  lungs  derive  from  their  cells  the  power  to  teaze  the 
serum ;  and  from  their  vesicles,  the  power  to  animate  the  king- 
dom by  the  breath.  Since  therefore  the  viscera,  whatever  their 
function  may  be,  educe  from  their  leasts  their  power  of  ope- 
rating, hence  it  would  not  be  admissible  to  substitute  a  part  of 
one  viscus  for  a  part  of  another;  for  instance,  to  insert  a 
gland  of  the  liver  into  the  pancreas ;  nor  to  engraft  a  gland  of 
the  pancreas  into  the  thymus,  still  less  into  the  brain ;  nor  to 
put  a  cell  of  the  spleen,  the  peritonseum,  or  the  pleura,  into 
the  lungs ;  nor  to  plant  a  sensorial  papilla  of  the  cutis  upon  the 
tongue ;  nor  to  give  a  papilla  of  the  tongue  a  place  in  the  nares. 
And  again  it  would  be  equally  unlawful  to  confound  the  ducts 
and  pores  of  one  viscus  with  those  of  another ;  as  the  hepatic 
with  the  cystic,  or  the  cystic  with  the  pancreatic.  As  in  the 
least  sphere  so  also  in  the  greatest :  it  is  not  lawful  to  put  or 
substitute  one  muscle  in  the  place  of  another,  to  put  the  oeso- 
phagus in  the  place  of  the  trachea,  or  the  kidneys  for  the  testi- 
cles ;  for  in  the  one  case,  by  virtue  of  the  principles  themselves, 
the  whole  with  its  part,  the  compound  with  the  simple,  or  the 
viscus  with  its  single  elements,  whether  these  be  glands,  or 

(e)  On  this  subject  we  refer  the  reader  to  our  Economy  of  the 
Animal  Kingdom,  where  he  will  find  the  same  thing  illustrated  by  many 
examples  and  considerations.  Thus  it  was  shewn  that  aggr^ate  en- 
tities of  the  same  degree  and  series  stand  related  to  their  unities,  as  to 
their  simplest  parts,  with  which  they  are  homogeneous,  (tr.  i.,  n.  629, 
630.)  From  the  form,  nature,  and  mode  of  operation  of  such  aggre- 
gates, we  know  what  is  the  form,  nature,  and  mode  of  operation  of 
their  parts.  (Ibid.,  n.  631.) 
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ducts^  or  vessels^  or  fibres^  do  not  accord  to  one  and  the  same 
thing  as  in  the  other.  This  is  also  evident  from  the  felt  pro- 
priety of  denominating  each  part  from  its  whole>  and  the  nrhole 
from  its  part.  A  little  vesicle  of  the  limg  may  not  inappropri- 
ately be  termed  a  lung  in  the  least  form ;  a  lung,  on  the  other 
hand^  a  great  pneumonic  vesicle :  the  same  rule  may  be  applied 
to  the  Httle  bronchial  branches  of  the  lung^  in  that  they  are  so 
many  lesser  tracheolse.  To  a  muscle^  as  a  great  moving  fibre ; 
and  to  a  moving  fibre^  in  a  similar  type,  as  a  least  muscle. 
Likewise  to  a  nerve,  as  a  great  fibre ;  and  to  a  fibre,  on  the 
other  hand,  as  a  least  nerve.  Precisely  in  the  same  manner 
the  liver  is  a  great  gland,  and  its  part  a  least  liver.  The 
Bellinian  tubules  of  the  kidneys  are  least  ureters.  And  the 
very  same  obtains  in  the  stomach,  the  heart,  the  tongue,  and 
all  the  sensorial  organs  (/).  For  the  likeness  and  image  of  the 
greatest  is  represented  as  in  a  mirror  in  the  least,  and  of  the 
least  in  the  greatest.  The  character  and  nature  of  the  genus  is 
propagated  all  the  way  from  the  little  seeds  and  ova,  into  every 
species  and  product  however  multiplied  and  enlaj^d :  thus  one 
thing  is  brought  over  into  the  meaning  and  idea,  and  even  into 
the  name,  of  another.  But  the  above-mentioned  differences 
and  varieties  that  the  viscera  and  organs  mutually  derive  from 
their  stock  or  root,  or  from  the  form  and  essence  of  the  unities, 

(/)  The  reader  will  see  these  points  explained  more  fully  in 
Parts  I.  and  II.  of  the  present  Work,  where  we  were  busied  in  examin- 
ing the  viscera  themselves.  Thus :  simples  or  unities  are  the  models 
and  ideas  of  compounds.  (Part  I.,  p.  53,  n.  44,  t.)  Compound  forms 
consbt  of  similar  simpler  forms.  (Ibid,,  p.  129,  130,  n.  100.)  Whatever 
is  seen  in  compounds,  arises  out  of  simples.  (Ibid.)  The  stomach  con- 
sists of  simpler  types,  or  as  it  were  least  stomachs.  (Ibid,,  p.  130— 
132,  n.  101,  102  (p,  s) ;  p.  132,  133,  n.  103.)  The  lungs  are  a  con- 
tinuous ramification  of  the  trachea.  (Part  II.,  p.  93,  n.  372.)  The 
tongue  does  the  same  in  its  leasts  [as  in  its  compound],  and  in  the 
leasts,  indeed,  more  universally.  (Part  i.,  p.  36,  37,  n.  34.)  There 
are  least,  larger,  and  largest  ureters.  (Ibid,,  p.  444,  n.  289,  /.)  And 
again  :  the  lacunae  in  the  heart  are  so  many  lesser  cardiac  chambers  or 
ventricles:  and  the  cortical  glands  of  the  cerebrum  are  so  many  cerebella 
in  the  smallest  form,  that  b  to  say,  cerebellula.  (Economy  of  the  Ammal 
Kingdom,  tr.  i.,  on  the  Heart ;   and  tr.  ii.,  on  the  Cortiod  Substance.) 
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are  generic ;  there  are  also  specific  differences  and  varieties  be- 
tween every  part  or  unity  of  the  same  vi8cus(^),  just  as  between 
the  individual  subjects  of  the  most  multiplied  progeny  or  poste- 
rity that  descends  from  one  parent ;  or  as  between  the  trees  of 
some  great  forest  propagated  in  succession  firom  one  seed^  or 
firom  the  seed  of  one  tree ;  and  as  between  the  branches  of  one 
tree,  or  the  leaves  on  one  branch ;  between  the  vessels  of  one 
heart ;  the  fibres  of  one  brain;  the  papillae  of  one  skin,  tongue, 
or  stomach;  or  going  deeper  still,  between  the  formative  fibres 
in  the  papillae.  These  fibres,  the  minutest  types  of  papillae,  are 
united  to  each  other  with  more  exquisite  harmony  than  the  pa- 
pillae themselves ;  for  forms  are  perfect  in  proportion  to  the  sim- 
plicity of  the  ideas  that  they  commence  from,  or  to  the  depth 
of  their  grounds  (n.  532).  All  proportion,  analogy,  and  relation 
perish  in  equality ;  and  all  sensation  likewise,  whether  of  touch, 
taste,  smell,  hearing,  or  sight;  because  the  representation  of 
one  part  of  an  object  in  another  perishes,  and  the  correspond- 
ence and  harmony  of  each  part  with  each ;  and  indeed,  what  is 
remarkable,  union  or  unity  itself  altogether  disappears  in  equa- 
lity, because  concord  disappears ;  as  plainly  shewn  by  the  fol- 
lowing analytic  chain ;  viz. :  in  nature  there  is  no  one  thing  that 
is  not  something ;  nor  is  there  any  something  that  is  not  some 
quality  or  some  quantity,  nor  is  there  any  quantity  that  is  not 
some  quotum.  In  order  for  any  quotum  to  become  one,  it  must 
arise  from  a  number  of  parts  \pltquo(\y  which  must  consent  or 
accord,  thus  from  various  things  that  agree  by  a  kind  of  har- 

{g)  There  is  perpetual  yarietj  in  nature,  and  the  perfection  of  her 
world  results  therefrom.  (Part  i.,  p.  55,  56,  n.  47  [p) ;  Part  II.,  p. 
52,  53,  n.  361.)  There  is  a  variety  in  all  things  between  the  parts  and 
members  of  every  society.  (Part  II.,  p.  363,  n.  464,  o.)  The  esta- 
blished order  is  perfect,  in  proportion  as  the  simpler  substances  are 
more  distinctly  discriminated  from  the  more  compound  substances. 
(Economy  of  the  Animal  Kingdom,  tr.  i.,  n.  602.)  And  again,  the 
established  order  is  perfect,  in  proportion  as  substances  of  the  same 
series  or  degree  are  well  distinguished  from  their  associates,  their 
essence  and  attributes  remaining  permanent.  (Ibid.,  n.  603.)  Conse- 
quently there  is  harmonic  variety.  (Ibid.,  n.  604 — 606.) 

(A)  This  argumentation  by  a  logical  chain  from  unity,  to  its  causes, 
and  so  back  to  unity,  may  be  confirmed  in  many  ways ;  as,  that  in 
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monj,  and  so  are  united  {h).    But  the  reader  may  pass  oyer 
these  and  similar  statements  if  he  pleases. 

537.  The  gensoria,  motoria,  viscera,  in  a  word,  the  ergons 
and  members  of  the  body,  and  their  parts,  are  perfect  inprcpar^ 
tion  to  the  promptitude  and  ease  with  which  they  can  change  their 
states,  and  after  change,  recover  their  pristine  natural  state,  and 
preserve  it  unimpaired.  Nothing  can  be  more  versatile  than  the 
organic  forms  of  the  living  body^  and  of  the  drcomambient 
world;  in  fact^  they  are  bom  for  perpetual  adaptations  and 
changes.  The  modifications  of  the  worlds  and  our  sensations^ 
external  and  internal ;  determinations  and  actions^  natural  and 
voluntary;  the  functions  and  operations  of  every  viscus  and 
member^  are  mere  mutations,  running  in  a  chain,  in  circles, 
and  in  spires,  from  the  outermost  spheres  of  parts  to  the  middle 
and  the  innermost,  or  from  the  innermost  to  the  middle  and 
the  outermost.  For  bodies  or  parts  are  either  brought  out  of 
their  places,  and  leave  their  centres,  which  is  a  change  qf  stO' 
tion ;  or  are  rotated  roimd  an  axis  or  points  holding  the  place  of 
a  centre,  which  is  a  turning  of  drcun^erence,  or  of  parts  of  the 
circumference ;  or  are  disturbed  in  the  connexion  and  position 
of  their  constituents,  which  is  a  change  of  form;  or  swell  out 

nature  there  is  no  one  thing  that  is  not  something;  for  unity  cannot  be 
predicated  of  nothing,  ens  ratumis,  nonentity,  vacuum,  or  inanity ;  a 
vacant  space  cannot  be  called  a  space ;  wherefore  the  oneness  that  be- 
longs to  space,  is  not  attributable  to  it.  So  neither  can  unity  be  pre- 
dicated of  the  mathematical  point,  nor  of  the  point  or  sign  d  in  the 
differential  calculus;  wherefore  nothing  can  be  given  to  this  by  addition. 
Of  these  or  of  similar  things  we  cannot  speak  as  of  something^  or  as  of 
a  something;  since  they  are  only  entia  rationalia  :  wherefore  somethingy 
as  it  is  conceived,  does  not  exist  in  the  world  of  nature  without  the 
real  existence  of  quality  or  quantity ;  this  again  involves  number  or 
quotum.  Quantity  is  not  possible  without  more  things  than  one  ;  nor 
is  a  thing  caUed  one  except  with  relation  to  another  thing.  Hence  in 
order  that  any  quotum,  or  quantity,  or  thing  may  be  represented  as 
one,  it  must  necessarily  involve  the  principle  of  plurality,  or  the  existence 
of  several  things  that  can  so  agree  as  to  present  the  appearance  of  oneness. 
Ev^ry  form  and  substance  is  such  a  unity,  and  therefore  I  have  not  hesi- 
tated to  assert,  that  there  is  nothing  in  the  visible  world  but  is  a  series, 
and  in  a  series.  (Economy  of  the  Animal  Kingdom,  tr.  i.,  n.  586.) 
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and  fall  back  again  in  their  places^  which  is  a  variation  of  mea- 
mre  or  magnitude;  in  one  word,  a  change  of  state.  Human 
faces  themselves  exhibit  a  Uvely  image  and  expression  of  these 
changes;  for  there  is  no  affection  of  sensation,  no  delight,  passion, 
or  appetite,  of  the  animal  mind,  and  no  desire  of  an  end,  or 
regard  of  good  or  evil,  that  does  not  imprint  some  type  of  itself 
upon  them  (t).     So  likewise  do  the  lips,  the  tongue,  the  palate, 

(t)  This  is  a  matter  of  such  vast  extensiveness  and  immense  im- 
portance,  that  it  is  impossible  to  state  it  in  a  few  words  without  the 
risk  of  obscurity.  With  respect  to  the  extensiveMss  of  this  matter,  it 
will  require,  to  explain  it,  that  we  run  through  not  only  the  whole 
animal  kingdom,  but  also  its  two  ministering  kingdoms,  the  vegetable, 
namely,  and  the  mineral;  and  furthermore  the  atmospheres,  which 
constantly  sustain  those  kingdoms  by  their  powers  and  forces,  and 
reduce  them  to  the  rules  of  the  universe  of  nature.  Such  then  is  its 
extensiveness,  and  such  its  field,  that  it  is  all  important  and  pervading 
in  nearly  all  the  learning  derived  from  nature's  bosom.  For  whatever 
exists  in  act,  and  falls  under  sense  and  apprehension,  supposes  muta- 
tion or  change.  Things  that  exist,  lie  idle,  without  mutation,  folded 
up  in  mere  potency ;  nor  do  they  open  out  and  display  their  qualities, 
unless  they  become  forces ;  which  cannot  happen  without  change  or 
some  activity.  From  these  considerations  it  follows,  that  no  point  in 
learning  takes  precedence  of  this,  or  is  more  worthy  to  be  known.  In 
the  present  Chapter  I  have  endeavored  to  reduce  the  heads  of  things 
to  a  few  words.  But  in  all  the  subjects  that  have  hitherto  been  inves- 
tigated, and  that  are  afterwards  to  be  investigated,  hardly  anything 
occurs  but  varieties  of  mutations  according  to  given  and  substantive 
forms,  and  hence  we  have  confirmations  presenting  themselves  con- 
tinually. Nevertheless,  in  order  that  I  may  give  a  still  more  clear  idea 
of  these  changes  in  general,  I  will  simply  subjoin  to  what  has  been 
already  said,  the  following, — ^That  there  are  four  species,  or  if  you 
please,  genera  of  changes,  to  which  all  the  others  are  referable  :  namely. 
Si  first,  that  takes  place  by  local  motion,  with  transference  of  the  centre 
itself,  as  of  our  whole  body,  and  its  members, — the  feet,  the  soles  of 
the  feet,  the  arms,  the  fingers,  the  ribs,  the  vertebrse  :  all  actions  are 
presented  by  these  changes.  There  are  similar  changes  also  in  many 
other  members,  as  in  the  lips,  the  tongue,  the  cheek,  the  palate,  the 
larynx,  the  trachea,  &c. ;  and  which  appear  as  manifest  changes,  be- 
cause they  are  so  developed  out  of  the  little  motions  of  parts  as  to  strike 
the  very  senses.     Again  to  this  class  may  in  some  sense  be  referred  the 
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the  uvula,  and  with  them^  the  larynx,  the  trachea,  the  hmgs ;  or 
else  with  them^  the  pharynx,  the  (esophagus,  and  the  stomach, 
and  with  these  again  the  viscera  of  the  abdominal  region.  For 
the  lips  and  the  tongue  with  the  palate  tnm,  roll  and  twist  into 
all  possible  forms  of  motion^  correspondently  to  ereiy  tone, 
measure,  and  division  of  sound,  speech,  and  singing ;  and  to- 

circolation  of  the  flnids,  as  the  blood,  and  others.  I  have  called  this 
species,  change  of  station.  The  second  takes  place  bj  turning  of  the 
circumference,  or  of  parts  of  the  drcomference,  the  centre  of  the  organ 
remaining  in  its  station ;  for  a  rotation  is  made  around  its  axis ;  as  in 
the  case  of  the  eje,  which  gyrates  in  every  possible  direction  by  means 
of  its  muscles,  so  that  wherever  objects  happen  to  be,  they  fall  in  lines 
on  the  pupil  and  lens,  and  the  eye  takes  their  dimensions  by  its  sense. 
Similar  arthrodial  circumvolutions  exist  again  in  other  parts,  as  in  the 
joints,  the  motions  and  actions  of  which  respect  some  fixed  centre, 
round  which  they  turn.  For  action  is  a  certain  form  generated  by  the 
motion  of  the  muscles.  To  this  species  also  might  be  referred  the  cir- 
culation of  the  blood  through  the  vessels,  in  so  far  as  the  heart  is 
regarded  as  the  common  centre  of  that  circulation.  The  third,  or  in- 
ternal change  of  form,  takes  place  by  the  disturbance  of  the  connexion 
and  position  of  parts ;  thus  by  the  change  of  the  whole  form  into  some 
different  form,  as  of  a  circular  form  into  an  oval,  or  some  other  simple 
or  compound  form  belonging  to  the  family  of  curves,  or  else  into  an 
angular  form :  as  in  the  sensorium  of  touch,  the  papillae  of  which  are 
altered  in  figure  according  to  every  idea  [entertained]  of  the  thing  im- 
pressed, or  every  figure  of  the  object  impressing ;  and  in  the  motoria 
or  muscles,  which  are  altered  in  figure  according  to  every  intimation  of 
the  will :  also  in  the  other  viscera,  when  they  are  twisted  and  bent  in 
unevenly  by  their  neighbors ;  particularly  in  the  pipes,  great  and  small, 
as  in  the  trachea  and  the  oesophagus,  and  in  the  mouth  and  the  glottis, 
which  may  be  developed  into  all  species  of  figures.  The  fourth,  or 
variation  of  magnitude  or  measure,  the  form  itself  being  permanent : 
This  simply  respects  the  quantity  of  the  form,  as  the  former  respects 
its  quality ;  as  when  the  lungs  are  expanded  and  contracted  by  their 
respirations ;  the  cerebrum,  by  its  animations ;  the  heart,  by  its  sys- 
toles and  diastoles ;  and  the  viscera  of  the  whole  body,  by  the  same : 
for  nothing  of  form  perishes  by  either  simple  enlargement  or  diminu- 
tion, forasmuch  as  the  same  nexus  and  position  [of  parts]  remain  in 
the  larger  as  in  the  lesser  type :  wherefore  this  change  is  natural,  but 
the  others  are  voluntary,  and  first  b^;in  to  exist  when  the  wiU  is  taken 
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gether  with  them  the  larynXy  the  trachea,  and  the  lungs :  also 
correspondently  to  every  variety  in  the  contact^  advance^  and 
passage  of  the  food^  solid  and  fluids  with  a  reference  to  its  mass 
and  taste ;  and  in  this  case  together  with  the  same  organs^  the 
pharynx,  the  (esophagus,  and  the  stomach ;  and  with  these^  the 
other  members  of  the  abdominal  region.  The  sensoria  of  the 
body  and  the  head^  or  the  external  sensoria^  bend^  move^  vibrate, 
open,  or  contract,  at  every  impression  of  an  object.  The  mus- 
cles do  likewise  at  every  command  of  the  will,  and  body  forth 
actions  exactly  answering  to  the  idea  predetermined  by  the 
mind.  Nor  must  we  omit  what  takes  place  in  the  superior 
sphere  of  the  body :  every  image  that  is  raised  into  an  idea, 
every  idea  that  is  raised  into  the  element  of  a  reason,  every 
reason  that  is  raised  into  an  analysis,  and  analysis  that  is  raised 
into  a  decree,  is  a  mere  mutation  of  the  principle  or  beginning 
of  the  sensoria.  In  a  word,  the  events  of  our  active  life  are 
nothing  but  changes  of  the  substcmces  of  life,  which  thus  mo- 
dify their  forces.  Which  is  the  reason  that  organic  forms  are 
perfect,  in  proportion  as  the  several  parts  that  essentially  enter 
and  compose  the  form,  are  placed  distinctly  with  respect  to  each 
other  (n.  535).  But  whatever  change  forms  enter  upon  and 
undei^o,  still  they  incessantly  tend  to  fall  back  to  the  natural 
state ;  so  constantly  does  nature  govern  the  reins  of  the  wiU  (*). 

into  fellowship  with  nature.  Meanwhile,  we  have  treated  occasionally 
of  these  mutations  or  changes  in  the  preceding  essays :  as,  that  the 
viscera  undei^  many  changes,  and  perform  their  offices  according  to 
those  changes :  and  that  the  kidneys  secrete  and  excrete  the  urine  so 
variously  according  to  the  same.  (Part  I.,  p.  454—456,  n.  295,  /.) 
The  larynx  can  open  the  glottis  into  all  possible  measures,  figures,  and 
forms.  (Part  II.,  p.  53-- 56,  n.  361.)  Suitably  to  the  whole  nature 
of  sound,  and  the  correspondent  condition  of  the  palate,  the  tongue, 
and  the  mouth.  (Ibid.,  p.  62,  63,  n.  363 ;  p.  68,  69,  n.  364.)  Like- 
wise the  trachea.  (Ibid,,  p.  95 — 97,  n.  374  (c,  d)  seqq,)  Also  the 
lungs.  (Ibid.,  p.  162—165,  n.  399,  400;  particularly  p.  95—97, 
n.  374.)  And  the  other  viscera,  respecting  which  we  refer  the  reader 
to  the  Chapters  where  they  are  treated  of. 

(k)  Every  voluntary  action  tends  to  produce  a  change  of  the  natural 
state.  (Part  II.,  p.  166,  167,  n.  401,  n.)  And  nature  every  time 
restores  that  state.  (Ibid.,  p.  165,  n.  400,  m.) 

VOL.  II.    PART  III.    CHAP.  I.  II 
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538.  Umiies  are  the  centres  qf  their  viscus  or  organ;  and 
they  are  the  begmnings  and  ends  of  its  determinations;  also  the 
first  forces  and  efficient  causes  of  its  effects,  and  determinant 
causes  of  its  uses,  so  far  as  they  are  uses.  But  the  reason  why 
the  unity  is  such  a  cause,  is  contained  in  its  form.  The  unities 
that  construct  the  organic  forms  of  the  viscera  and  members  of 
the  body,  are  not  of  one  kind  only,  but  of  many  kinds ;  they 
are  either  glands,  or  cells,  or  fibres  with  Tcssels,  or  papills, 
but  still  they  are  unities.  For  eflfects  and  operations  go  no 
higher  than  to  them  and  firom  them ;  in  them,  as  in  their  last 
boundaries,  they  end;  and  from  them,  as  from  their  first 
boundaries,  they  begin :  whatever  lies  deeper,  is  in  the  veiy 
forms  of  the  unities,  and  in  the  fibres  determining  those  forms, 
as  the  principle  of  the  cause,  the  reason  of  its  particular  qua- 
lity, the  end,  or  the  ground  of  its  distinctive  use.  From  glands, 
as  their  centres,  all  the  conglomerate  glands  begin;  as  the 
thymus,  the  parotid  and  maxillary  glands,  and  many  others; 
likewise  the  pancreas,  the  liver,  the  cerebrum,  the  cerebeUum, 
and  the  medulla  oblongata  and  spinalis.  The  lungs,  the  spleen 
and  the  conglobate  glands  commence  firom  cells ;  and  the  com- 
mon coats  of  nearly  all  the  viscera,  as  the  diaphragm,  the  peri- 
tonseum,  the  pleura,  and  also  the  omentum  and  the  mesentery, 
are  made  up  of  the  same.  From  fibres  and  vessels  of  some  kind 
originate  the  sensorial  organs,  the  eye,  the  ear,  the  papillse  of 
smell,  taste  and  touch,  the  muscles,  the  uniform  membranes. 
From  papilla  begin  the  outermost  coats  of  the  cutis,  and  of  the 
tongue  and  nares,  and  the  innermost  coats  of  the  oesophagus, 
the  stomach,  the  intestines,  the  ureters,  the  bladder  (I).     These 

(/)  There  are  members  or  organic  compositions  in  the  body,  that 
have  not  arisen  merely  from  glands  as  unities,  but  also  at  the  same 
time  from  cells ;  nay,  there  are  some  that  have  arisen  at  the  same  time 
from  fibres,  and  from  papillse:  for  instance,  those  viscera  that  are 
purely  membranous,  because  hollow,  as  the  stomach,  the  intestines, 
the  urinary  bladder,  the  ureters,  the  cesophagus,  the  trachea,  and  even 
the  tongue  :  and  there  are  some  that  have  a  threefold,  and  some  that 
have  a  twofold  origin  :  but  those  that  are  of  simple  origin  have  been 
mentioned  in  thb  Chapter,  lest  accumulated  varieties  should  cause 
obscurity.    To  take  as  instances  only  the  stomach  and  the  tongue.   The 


Digitized  by  VjOOQ IC 


ORGANIC  FORMS  GENERALLY.  483 

unities  are  centres,  wherever  placed,  whether  in  the  middle  of 
their  riscus,  or  whether  in  any  radins,  axis,  or  periphery  of  its 
componnd  form :  as  the  glands  of  the  cortical  substance  of  the 
cerebrum,  which  crown  its  circumference;  the  glands  of  the 
cineritious  substance  of  the  cerebellum,  which  follow  its  lamellae 
or  folds  and  arborescent  leaves;  the  glands  of  the  corpora  striata 
and  medulla  oblongata,  which  are  intermingled  ray-wise  among 
the  fibrillary  texture  of  those  parts ;  the  glands  of  the  spinid 
marrow,  which  compose  its  median  axis :  or  the  glands  of  the 
Uver,  which  occupy  its  lobes  and  spaces  throughout :  the  vesi- 
cles of  the  lungs,  which  like  the  grapes  of  a  leafy  vine,  both 
fill  the  interiors  and  beset  the  surface  :  likewise  the  cells  of  the 
spleen,  which  make  up  the  whole  mass  of  the  organ.  Or  the 
fibres  with  vessels,  that  generate  the  sensorial  and  motorial  or- 
gans  especially.  These  glands,  vesicles,  fibres,  or  papiUse,  wher- 
ever found  to  be  situated,  are  the  last  and  first  boundaries,  or 

stomach,  a  mere  tunicated  cavity,  has  on  its  inner  surface  a  villous 
coat,  of  which  the  unities  are  papillae ;  next  a  glandular  coat,  where 
glands  prevail  as  origins ;  then  a  muscular  coat,  in  which  moving  fibre 
is  everything ;  and  then  a  cellular  coat,  the  primitive  or  single  elements 
of  which  are  cells.  In  the  tongue  there  are  muscular  fibres  in  its  in- 
terior substance,  but  near  the  sur&ce,  a  glandular  and  papillary  con- 
geries ;  thus  unities,  origins,  or  beginnings  of  three  kinds ;  each  of 
which  is  the  efficient  cause  of  the  effects,  and  the  determinant  cause  of 
the  uses,  of  its  own  place,  or  region.  The  reason  is,  that  there  are 
so  many  difierent  effects,  or  different  uses,  of  one  and  the  same  body 
or  organ.  Use  is  what  determines  all  things,  (n.  531,  m.)  Where  a 
moving  or  locomotive  force  is  at  the  same  time  present,  there  we  have 
muscidar  fibre,  which  serves  as  the  origin  of  the  force ;  where  there  is 
also  a  perspiration  of  humor,  there  we  have  glands ;  where  there  is  a 
carrying  round  of  this  humor,  or  a  distribution  of  it  to  contiguous 
membranes,  or  an  application  towards  the  httle  mouths  of  lymphatics, 
there  we  have  concatenated  cells  ;  as  around  the  intestines,  the  stomach, 
and  most  of  the  other  viscera.  But  where  there  is  regular  and  ex- 
quisite sense,  there  we  have  papillae,  as  in  almost  all  the  chylopoietic 
organs,  (n.  526,  527.)  On  the  other  hand,  the  cerebrum,  the  heart, 
the  liver,  the  conglomerate  and  conglobate  glands,  the  spleen,  the 
pancreas,  the  omentum,  the  papillary  cutis,  and  the  muscles,  are 
organs  of  smgle  origin. 

II  2 
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the  ends  of  objects,  and  the  beginnings  of  offices  or  operations, 
and  the  first  efficient  causes  of  effects,  and  determinant  causes 
of  uses,  so  far  as  they  are  uses.  Thus  in  the  liver,  the  blood 
that  passes  through  the  branches  of  the  portal  veins,  goes  no 
further  than  the  hepatic  glands,  before  it  changes  its  character; 
and  passes  out  firom  the  glands  through  the  veins  to  the 
branches  of  the  vena  cava,  and  through  the  hepatic  pores  to  the 
ductus  cysticus  and  ductus  cholidochus  (m).  In  the  spleen,  the 
blood  runs  in  no  deeper  than  the  splenic  cells,  and  after  dis- 
charging itself  into  them,  it  returns  again  into  the  little  venous 
channels  (n).  In  the  lungs,  the  blood  of  the  right  side  of  the 
heart  digresses  only  as  £eu*  as  their  retia  mirabiha,  or  cellular 
trabecular  ground-work,  where  it  sounds  a  retreat,  and  returns 
to  the  heart's  left  chamber.  The  air  also  that  passes  in  through 
the  bronchial  branches  into  the  pulmonary  vesicles,  makes  no 
attempt  to  go  deeper,  but  turns  back,  and  flows  out  agdn 
through  its  Uttle  windpipes  into  the  atmosphere  (o).     In  the 

(m)  The  glands  are  the  very  principles  of  the  liver.  (Part  I., 
p.  286,  287,  n.  209,  y,  e.)  The  powers  and  forces  in  the  liver  are 
most  multitudinous,  and  are  the  causes  that  excite  the  mass  composed 
of  them  to  operate.  (Ibid.,  p.  293,  294,  n.  214.)  The  blood  is  con- 
veyed from  the  vena  portee,  and  from  other  sources,  through  its  vessels 
to  these  innermost  glands.  (Ibid.,  p.  280,  n.  206.)  From  these  inner- 
most or  ultimate  goals  it  runs  out  by  three  ways;  namely,  by  the 
hepatic  veins  towards  the  branches  of  the  vena  cava ;  by  the  biliferous 
pores  towards  the  ductus  cysticus  and  ductus  cholidochus  ;  and  by  pores 
into  surrounding  cells,  to  be  carried  away  towards  the  surface,  to  the 
little  mouths  of  the  lymphatics.  (Ibid.,  p.  284—286,  n.  208,  r,  s,  t.) 

(n)  This  is  manifest  from  the  descriptions  of  the  spleen  by  Heister, 
Winslow,  and  Malpighi.  (Part  I.,  p.  328—336,  n.  235—237:  see 
also  [our  description],  p.  342 — 344,  n.  242.)  The  spleen  is  simply 
cellular,  and  the  blood  extravasated  into  the  cells  is  forced  back  into 
the  veins.  (Ibid.,  p.  344,  n.  243.) 

(p)  The  texture  of  the  lungs  is  cellular,  and  the  cells  are  pervious, 
so  that  the  operation  of  one  cell  may  be  continued  to  another.  (Part  II., 
p.  178,  179,  n.  405,  s.)  In  these  cells  the  lungs  correct  the  blood 
and  the  serum.  (Ibid.,  p.  174—176,  seqq.,  n.  405.)  So  that  the 
function  of  purifying  the  blood  is  performed  in  the  cellular  structure, 
but  the  office  of  respiration  in  the  vesicular ;  or  in  other  words,  their 
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cerebrum,  the  spirit  of  its  fibres,  lately  the  spirit  of  the  blood, 
mounts  no  further  than  its  cortical  glands,  and  there  describes 
the  shortest  gyre,  and  flows  back  through  the  medullary  fibres, 
and  then  through  the  nervous  fibres  of  the  body.  The  same 
may  be  said  of  sensual  modifications,  which  rise  firom  the  five 
external  sensoria  no  higher  than  to  the  same  principles,  and  if 
these  will  to  produce  actions,  the  modifications  are  sent  out 
firom  them  as  forces,  into  the  fibres  of  the  muscles  (p).  Much 
the  same  circle  and  game  is  carried  on  in  other  parts.  In  the 
heart,  however,  in  an  inverse  way ;  for  the  heart  is  the  common 
centre  of  the  blood-vessels,  but  is  not  a  collection  of  a  number 
of  centres,  like  other  parts;  for  the  blood  from  all  the  little 
branches  of  the  veins,  flows  into  its  right  chamber,  and  is  con- 
fluent there,  and  then  after  having  digressed  to  the  discrimi- 
nated origins  or  cells  of  the  lungs,  returns  to  the  left  chamber 
of  the  heart,  and  is  poured  therefirom  into  the  arteries  and 
their  branches  (g).  From  these  considerations  it  is  evident, 
that  unities  are  the  centres,  beginnings  and  ends  of  operations, 
however  they  are  scattered  about  through  the  substance  of  their 
viscus ;  the  position  and  place  that  they  occupy,  in  no  way  in- 
terfere with  this:  for  these  centres,  by  their  determinations, 
form  radii,  axes,  and  circumferences,  which  are  generated  and 

pneumonic  and  circulatory  power  resides  in  the  very  centres  and  net- 
works ;  and  from  them,  governs  all  the  circumferences.  (Ibid,,  p.  193 — 
195,  n.  408,  u,  y.) 

(p)  The  cortical  glands  of  the  brain  are  the  beginnings  and  ends 
of  all  the  fibres,  (n.  528  (/)  ;  n.  529,  A,  t.)  The  corporeal  fibres 
mount  thither  with  their  aliment  for  the  spirit  of  the  fibres,  and  from 
these  glands,  as  its  beginnings,  all  the  spirit  emanates,  (n.  509.)  And 
the  modes  of  sensations  are  carried  up  to  them.  (n.  529.)  The  volun- 
tary determinations  also  flow  from  them,  as  will  be  seen  in  the  following 
Parts  of  the  Work. 

(q)  It  is  clear  enough  firom  anatomy  alone,  that  there  is  a  kind  of 
continuity  in  the  heart,  but  a  discriminate  character  in  other  parts ; 
in  short,  that  the  arterial  and  venous  branches  are  confluent  in  the 
heart,  as  in  a  single  centre,  while  elsewhere  the  productions  are  diverted 
to  innumerable  centres :  likewise,  that  all  the  innermost  coats  of  the 
arteries,  and  the  outermost  coats  of  the  veins,  fall  and  unite  into  one 
continuous  coat  in  the  heart.     See  above,  n.  507. 
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constructed  of  mere  centres ;  in  this  way,  an  idea  of  perpetuity, 
or  of  an  everlasting  chain,  is  induced  upon  forms;  so  that  every 
point  of  a  radius  or  circumference  sees  itself  placed  in  some 
centre,  and  at  the  same  time  sees  its  associate  parts,  as  extra- 
neous to  it,  in  some  line,  diameter,  and  surface  determined  by 
them  (r).  Thus  again  mutual  relations  themselves  are  deter- 
mined in  their  fluxion  to  the  idea  of  a  similar  form. 

539.  Unities  and  continuations  of  unities  are  the  essential  de- 
terminations that  construct  the  form  qf  the  whole,  or  the  common 
form ;  but  fibres  with  vessels  are  the  essential  determinations  that 
construct  the  forms  of  the  unities,  or  the  particular  forms.  To 
state  this  more  clearly :  unities,  as  above  pointed  out,  (whether 
they  be  glands,  or  cells,  or  papillae,  or  fibres  of  any  kind,  or 
continuations  or  productions  from  glands,  that  is  to  say,  pores, 
ducts,  emissary  canals,  or  vessels,)  by  their  fluxion  or  coordina- 
tion build  up  the  common  form  of  their  organ  or  body ;  and  in 
this  way  are  essential  determinations.  But  the  nervous  fibres 
and  the  blood-vessels  produce  the  forms  of  the  unities  only,  as 
may  be  readily  seen  firom  the  plexuses  and  as  it  were  comitia  of 
the  nerves,  and  from  the  complication  of  the  vessels,  before 
they  enter,  and  firom  their  progression  and  ramification  after 
they  have  entered  (/).     It  is  evident  that  mere  glands  determine 

(r)  This  has  been  shewn  repeatedly  in  both  our  Parts  on  the  viscera 
of  the  body.  There  are  perpetual  centres  and  pivots  that  construct 
the  organic  forms  of  the  body.  (PartlL,  p.  314,  315,n.450  (c);  p.  329, 
330,  n.  455,  A.) 

(t)  I  do  not  know  whether  these  points  can  be  so  clearly  and  satis- 
factorily explained  as  the  true  dignity  of  the  subject  demands ;  and 
this,  by  reason  of  the  very  words  and  names  that  are  made  use  of 
to  signify  things,  and  appUed  so  promiscuously.  For  to  take  a  case, 
fibres  are  attributed  not  only  to  muscles,  but  also  to  tendons,  and  to  all 
the  membranes;  with  simply  a  distiDction  by  adjective  epithets;  so 
that  we  have  moving  fibres,  tendinous  fibres,  aponeurotic,  filamentary, 
sinewy,  membranous,  aye,  even  cartilaginous  and  osseous  fibres  :  when 
the  fact  is,  that  fibres  properly  are  fibres  of  nerves,  or  fibres  springing 
from  the  brains.  The  same  may  be  said  of  vessels,  by  which  name 
are  meant  not  only  arteries  and  veins,  and  this,  properly,  but  also  all 
pipes,  little  canals,  ducts,  emissaries,  without  distinction,  whether 
arising  from  the  heart,  or  from  any  other  source.     The  lymphatics  and 
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the  common  forms^  from  the  case  of  the  conglomerate  glands, 
as  the  thymus,  the  parotid,  the  maxillary,  the  thyroid,  the  la- 
ryngeal, and  others  of  the  same  class,  which  are  nothing  but 
heaps  and  congeries  of  glandular  corpuscules.  We  plainly  see 
that  mere  cells  or  follicles  do  the  same,  in  the  conglobate  glands, 
as  the  mesenteric  glands,  their  grand  type,  the  dstema  chyli, 
in  the  sacral  and  iliac  glands,  in  the  spleen,  and  in  the  lungs, 
which  are  nothing  but  compages,  sponges,  and  pulps,  made  up 
of  the  most  minute  cavities  and  strainers  brought  together  and 
wound  into  these  organic  forms  {u).    Again,  that  the  same  ap- 

lacteals  are  also  termed  vessels  and  veins.  Now  as  the  terms  signifying 
are  so  few  and  general,  and  the  things  to  be  signified,  so  various  and 
particular,  very  great  obscurity  cannot  fail  to  arise,  especially  in  appre- 
hending ideas  distinctly :  as  is  evidenced  in  the  passage  in  our  text, 
where  fibres  with  vessels  are  said  to  generate,  not  the  common  forms 
of  the  viscera,  but  only  the  particular  forms ;  and  yet  we  say  soon 
afterwards,  that  the  vessels  of  the  vena  portse  and  hepatic  vein  con- 
struct the  common  form  of  the  liver.  As  it  is  impossible  to  understand 
this  without  explanation,  be  it  known,  that  the  fibres  that  determine 
the  very  unities,  are  properly  fibres,  arising  from  the  cerebrum  and 
cerebellum ;  that  is,  nervous  fibres ;  and  the  vessels,  properly  vessels, 
that  is,  vessels  of  the  heart.  But  the  vessels  that  flow  in  from  the 
porta  hepatis,  are  not  properly  the  heart's,  but  the  liver's,  and  the 
veins  that  go  out  from  the  glands  of  the  liver,  are  not  properly  the 
heart's,  because  they  commence  in  the  liver,  and  proceed  towards  the 
branches  of  the  vena  cava,  into  which  they  do  not  flow  continuously, 
but  by  obhque  insertions ;  for  there  is  no  other  gate  or  porta  for  the 
venous  blood  into  the  vena  cava  from  the  viscera  of  the  abdomen,  than 
through  the  liver.  The  same  is  to  be  understood  of  the  pancreatic 
branches  and  veins. 

(«)  Respecting  the  spleen,  see  the  description  of  that  organ  in 
Part  I.,  p.  328—336,  n.  235—238 ;  and  p.  342—344,  n.  242.  Re- 
electing the  conglobate  glands,  Malpighi  says  :  "  When  the  gland  is 
laid  open,  we  find  rows  of  loculi,  surrounded  by  areolae  of  fibres,  under 
the  membrane  itself. . . .  After  entering  [the  glands],  the  larger  branches 
[of  the  blood-vessels]  form  a  network,  and  their  last  twigs  appear  to 
terminate  on  the  loculi  and  parietes  of  the  areolae."  (Ilnd,,  p.  228, 
n.  173.)  See  also  Nuck,  Ibid.,  p.  224—227,  n.  172;  Boerhaave, 
Ibid.,  p.  230 — 233,  n.  174.  The  lymphatic  vessel  is  as  it  were  a  line 
or  thread;    the  cellular  tissue  as  it  were  an  area,  plane,  or  web  of 
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plies  to  mere  papilla^  is  clear  from  the  papillary  organs,  for  in* 
stance,  of  the  skin,  the  tongue,  the  nares,  the  oesophagus,  the 
stomach,  the  intestines,  the  ureters,  and  the  bladder,  which 
have  peculiar  villous  membranes  bestowed  upon  them.  And  it 
is  evident  firom  the  muscles  and  the  heart,  that  mere  fibres,  mu- 
tually applied  to  each  other,  and  disposed  into  a  common  form, 
in  the  way  of  the  moving  fibres,  do  the  same :  this  is  evident 
with  respect  to  sinewy  or  tendinous  fibres,  firom  the  tendons 
and  aponeuroses;  and  with  respect  to  filamentary  and  vascular 
fibres,  from  the  common  coverings,  the  diaphragm,  the  perito- 
nseum,  the  pleura,  the  pericardium,  which  are  at  the  same  time 
cellular;  and  from  the  dura  mater.  But  in  addition  to  these 
simply  begotten  and  uniform  fabrics,  there  are  others  both  more 
numerous  and  more  remarkable,  which  at  the  same  time  that 
they  are  composed  of  glands,  are  also  composed  of  the  vessels, 
ducts,  pores,  emissaries  and  fibres,  continued  firom  them.  Among 
these  we  may  reckon  the  liver,  which  is  not  made  up  of  glandu- 
lar granules  alone,  but  also  of  branches  of  the  vena  portse,  and 
of  the  hepatic  veins  and  ducts,  or  pori  bilarii,  all  of  which 
are  derived  and  put  forth  from  its  innermost  follicles,  as  firom 
their  centres,  or  last  and  first  boundaries,  and  weave  the  com- 


similar  lines  or  threads ;  and  the  conglobate  gland,  a  mass,  volume,  or 
body  of  trine  dimension.  (Ibid.,  p.  222,  n.  170.)  Respecting  the 
lungs,  Heister  says  :  "  The  pulmonary  substance  ...  is  entirely  made 
up  of  minute  vesicles  of  a  fleshy  texture,  and  of  various  vessels.  These 
vessels  are  the  bronchia  .  .  .  &c. . . .  They  [the  bronchia]  arise  firom  the 
trachea,  and  dividing  first  into  branches,  then  into  innumerable  twigs, 
finally  terminate  in  the  minute  vesicles  before  mentioned.  These  vesicles, 
forming  a  principal  part  of  the  sabstance  of  the  lungs,  leave  between  them 
interstices,  .  .  .  and  they  seem  to  adhere  to  the  little  branches  of  the 
bronchia  in  the  manner  of  clusters  of  grapes."  (Part  II.,  p.  121, 
n.  385.)  And  according  to  Wiuslow :  **  The  substance  of  the  lungs  is 
almost  all  spongy,  being  made  up  of  an  infinite  number  of  membranous 
oelb. . . .  The  air-vesseb  make  the  chief  part."  (Ibid.,  p.  124,  n.  387.) 
See  Malpighi  espedaily.  (Ibid.,  p.  128—131,  n.  388,  389.)  Respect- 
ing the  continuous  ramification  of  the  trachea  through  the  lungs,  see 
Ibid.,  p.  93,  n.  372.  Respecting  the  cellular  tissue  of  the  lungs. 
Ibid.  p.  178,  179,  n.  405  («). 
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mon  fabric  of  the  viscus  (x).  Likewise  the  pancreas,  which  is 
formed  not  merely  of  its  glandular  principles^  but  also  of  the 
branches  of  its  artery^  and  of  the  pancreatic  veins  and  little 
ducts^  that  run  backwards  and  forwards^  to  the  glands  as  their 
centres^  and  firom  the  glands  as  their  centres  (y).  And  espe- 
cially the  cerebrum,  the  cortical  glands  of  which^  by  their  mu- 
tual apposition^  conjointly  form  its  circumference,  while  the 
fibres  continued  firom  those  glands  constitute  its  medullary 
globe  or  centrum  ovale.  Glands  of  a  very  similar  kind,  but 
differently  arranged,  together  with  the  fibres  springing  from 
them,  construct  and  make  up  the  cerebellum,  medulla  oblongata, 
and  medulla  spinalis.  The  fibres  springing  from  these  glands  as 
their  little  fountains,  are  the  unities  continued^  which  after 
being  confasciculated  into  nerves,  pass  out  through  the  fora- 
mina of  the  skull  into  the  provinces  of  the  head  or  of  the  body, 
anrl  thoro  tr<>.  iK»t  to  proflnrr  ns  common  doterminations  the 
organs  or  viscera  themselves,  but  as  particular  determinations, 
to  produce  their  unities.  The  fibres  of  the  cerebrum  go  to  pro- 
duce the  unities  of  the  oi^ans  of  the  senses,  and  of  the  mus- 
cles at  the  surface  of  the  body ;  but  the  fibres  of  the  cerebellum, 

(a?)  "  The  liver,"  says  Winslow,  "  is  composed  of  several  kinds  of 
vessels,  the  ramifications  of  which  are  multiplied  in  a  stupendous  man- 
ner, and  by  the  intertwinement  of  their  capillary  extremities,  form  an 
inuumerable  quantity  of  friable  and  pulpy  granules,  which  are  looked 
on  as  so  many  peculiar  organs,  whereby  a  particular  fluid  called  bile  is 
secreted.  .  .  .  The  extremities  of  all  the  ramifications  [of  the  vena 
portse]  end  in  pulpy,  friable  granules.  ...  In  these  .  .  .  the  bile  is 
secreted,  and  it  is  immediately  collected  in  the  same  niimber  of  extre- 
mities of  another  kind  of  vessels,  which  unite  by  numerous  ramifica- 
tions into  one  common  trunk.  These  ramifications  are  termed  pori 
bilarii."  (Part  L,  p.  257,  258,  n.  194.)  See  Heister  respecting  the 
same.  Ibid.,  p.  253 — 255,  n.  191.  The  sphere  of  activity  of  the  liver 
extends  towards  the  vena  cava,  all  the  way  to  the  ends  of  the  hepatic 
veins.  (Ibid.,  p.  291,  292,  n.  211  A.)  Consequently  towards  the 
ductus  cysticus  through  the  pori  bilarii ;  and  to  the  vena  portoe,  through 
its  own  branches. 

(y)  This  is  agreeable  to  the  descriptions  and  plates  of  the  pan- 
creas ;  (see  Part  I.,  p.  306—309,  n.  219—224  ;)  and  is  evident  from 
a  comparison  of  the  pancreas  with  the  Uver. 
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the  unities  of  the  viscera,  planes  and  canals  within  this  sur£EU» 
and  mail  (z).  The  same  may  be  said  of  the  vessels^  that  is^  of 
the  arteries  brought  firom  the  heart  as  their  common  centre; 
these  unite  with  the  fibres  of  the  two  brains^  and  complete  the 
forms  of  the  unities.  Thus  the  fibres  with  the  vessels  infuse 
into  them  their  very  powe  and  esse,  or  potency  and  essence : 
and  therewith  the  ground  that  makes  them  into  particular 
causes;  and  insinuate  into  the  forms  of  the  unities  the  very 
end  for  which  the  effects  exist  (n.  538). 

540.  The  little  canals  and  the  branches  that  flow  into  the 
least  glands  as  into  their  centres,  make  their  end  and  last  boun- 
dary therein;  but  those  that  fl>ow  otU  from  them,  as  firom  their 
centres,  make  their  beginning  or  first  boundary  therein.  The 
former  are  the  active  forces  of  their  body;  the  latter,  the  passive 
forces ;  which  two  kinds  of  forces  in  conjunction  generate  and  pro- 
duce  the  organic  fabric.  Let  us  again  proceed  in  our  analytic 
way,  already  laid  down  by  our  investigations  of  the  viscera  of 
the  abdomen  and  thorax ;  and  thus  keep  the  torch  in  our  hands. 
We  have  long  ago  been  taught  by  this  method,  that  the  organic 
forms  or  fabrics,  which  are  as  many  in  number  as  the  members 
and  parts  of  the  body,  arising  from  glandular  beginnings,  or 
from  corpuscules  analogous  to  glands,  or  even  from  cells,  gene- 
rate their  own  vessels ;  of  which  there  are  some  that  flow  in, 
and  some  that  flow  out.  This  is  the  case  on  the  greatest  scale 
with  the  heart ;  for  the  veins,  which  are  of  a  passive  character, 
go  with  their  sanguineous  stream  to  its  right  auricle  and  cham- 
ber, and  the  arteries^  which  are  of  an  active  character,  issue 
from  its  left  chamber  (a).  And  the  same  thing  is  observable  in 
the  other  organic  fabrics,  where  there  is  not  one  heart,  but  a 
number  of  as  it  were  httle  hearts,  or  centres  of  circulations,  as 
in  the  members  before  mentioned  (n.  538) ;  in  which  respects 
the  hver,  the  lungs,  and  the  brain  stand  preeminent,  and  afford 
the  most  remarkable  examples.  In  the  Uver  there  are  branches, 
that  running  from  its  two  gates  penetnite  with  blood  towards 

{z)  See  above,  n.  527  (a). 

(a)  That  the  veins  are  of  a  passive  character,  but  the  arteries,  of 
an  active  character,  was  shewn  by  many  considerations  in  my  Economy 
of  the  Animal  Kingdom,  tr.  i.,  n.  190—198,  231 — 233. 
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its  innermost  chambers  or  follicles:  there  are  moreover  two 
kinds  of  vessels  that  flow  out  firom  the  same  multiplied  corcula. 
The  vessels  of  the  first  kind  are  the  hepatic  veins ;  these  carry 
away  with  them  the  blood  impregnated  with  fresh  chyle,  and 
convey  it  until  they  meet  the  branches  of  the  vena  cava.  The 
vessels  of  the  second  kind  are  the  biliary  or  hepatic  pores,  which 
carry  out  the  dregs  that  are  yet  to  be  purified,  and  convey  them 
all  the  way  into  the  ductus  cysticus  and  ductus  cholidochus, 
that  they  may  be  given  up  to  be  treated  by  the  intestines  (i). 
The  little  canals  and  the  branches  that  flow  in,  are  the  active 
and  male  [mortto]  forces  of  that  viscus,  and  are  analogous  to 
the  arteries  of  the  heart ;  but  those  that  flow  out  are  its  passive 
and  as  it  were  female  [tutforiai]  forces,  and  are  analogous  to 
veins  in  character  (c) :  exactly  the  reverse  in  method  and  plan 
to  what  we  see  in  the  heart;  for  in  the  liver,  the  influent 
branches  grow  finer  and  finer,  and  more  and  more  multiple,  as 
they  proceed  to  these  discriminated  corcula  or  centres ;  but  the 
effluent  branches,  the  contrary :  while  those  that  flow  into  the 

(b)  See  just  above,  n.  539,  and  note  (;r). 

(c)  "The  vessel,"  says  Winslow,  "which  carries  the  blood  to  the 
liver  is  called  vena  portae.  This  vein  may  be  considered  as  two  large 
veins.  ...  At  this  place  [the  sinus  of  the  vena  portae],  the  vena  portce 
lays  aside  the  office  of  a  vein,  and  becomes  a  kind  of  artery,  as  it 
enters  and  circumramifies  in  the  liver.  The  extremities  of  all  its  rami- 
fications end  in  pnlpy,  friable  granules,  which  when  examined  through 
a  microscope  in  clear  water,  seem  to  be  thick  villous  follicles,"  &c. 
(Part  I.,  p.  258,  n.  194.)  To  these  [ramifications]  correspond  vessels 
of  another  kind,  of  which  those  that  carry  away  the  blood  from  the 
follicles  towards  the  branches  of  the  vena  cava,  are  termed  hepatic 
veins ;  but  the  others,  pori  bilarii ;  and  which  originating  as  they  do 
firom  the  same  follicle,  cannot  fail  to  be  of  a  venous  nature.  It  is  the 
nature  of  veins,  that  the  fluid  running  through  them  suffers  itself  to 
be  acted  upon  by  its  vessel,  or  by  the  coats  of  its  vessel ;  but  it  is  the 
nature  of  arteries,  that  the  vessel  or  coat  suffers  itself  to  be  acted 
upon  by  its  fluid,  and  that  the  coat  in  like  manner  reacts.  That  such 
is  the  condition  of  the  arteries  of  the  body,  see  my  Economy  of  the 
Animal  Kingdom,  tr.  i.,  n.  166 — 189  ;  and  of  the  veins.  Ibid.,  n.  190 
— 198.  Respecting  the  vessels  of  the  liver,  and  their  fimction,  see  Part 
I.,  p.  284—286,  n.  208. 
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chamber  of  the  heart,  as  into  a  single,  continuous,  and  common 
centre,  increase  in  diameter  and  bulk,  but  those  that  flow  from 
it,  decrease.  The  same  principle  is  represented  in  the  binffs  : 
the  puhnonary  artery  flows  in  with  all  the  blood  of  its  heart, 
and  never  stops  until  it  has  split  into  the  minutest  ramifications 
in  the  reticulated  centres  of  the  cells:  and  again  collecting 
therein  into  a  comparatively  small  number  of  branches,  it  pours 
itself  back  as  a  vein,  with  all  its  blood,  into  the  left  cavities  of 
the  heart ;  shewing  that  here  also,  as  in  the  hver,  the  vessels 
run  out  to  their  last  goals,  and  changing  their  character  in  the 
innermost  receptacles,  again  return  to  a  point  near  their  former 
starting-place  {d).  The  same  process  is  carried  on  in  the  brains : 
a  perpetual  river  of  the  purest  aliment  flows  from  the  cutaneous 
pores  into  the  high  forms  of  the  cerebral  glands,  or  the  sphe- 
rules of  the  cortical  substance,  which  are  so  many  first  and  last 
boundaries  of  the  fibres ;  and  a  most  refined  essence  termed  the 
animal  spirit  is  generated  from  this  aliment  in  the  laboratories 
of  these  glands  (e) :  this  spirit,  hke  the  blood  and  chyle  in  the 

(d)  "[The  cellular  substance]/*  says  "Winslow,  "is  dispersed 
through  every  part  of  the  lungs,  and  forms  cellular  or  spongy  sheaths 
which  surround  the  ramifications  of  the  bronchia,  .  .  .  and  is  afterwards 
spread  over  the  outer  sur&ce  of  each  lung,  where  it  forms  a  kind  of 
fine  cellular  coat. ...  All  the  bronchial  cells  [or  vesicles]  are  surrounded 
by  a  very  fine  reticular  texture,  consisting  of  the  small  extremities  of 
arteries  and  veins  whith  communicate  every  way  with  each  other," 
&c.  (Part  II.,  p.  125,  n.  387.)  Respecting  this  Malpighian  network, 
see  Malpighi  himself.  Ibid.,  p.  129,  n.  388.  How  the  blood  flowing 
in  through  the  pulmonary  artery  from  the  right  ventricle  of  the  heart, 
penetrates  all  the  way  to  these  networks,  and  is  purified  there.  (Ibid., 
p.  174—182,  n.  405;  p.  186,  n.  406;  p.  191,  192,  n.  407.)  On 
account  of  the  venous  blood  that  the  pulmonary  artery  carries  from  the 
heart,  it  would  seem  that  it  should  be  called  a  vein  ;  yet  again  since  it 
has  one  distinguishing  mark  of  an  artery,  in  that  it  diminishes  in 
calibre,  and  increases  in  the  number  of  its  ramifications,  in  the  direc- 
tion of  the  sanguineous  current,  and  in  its  ultimate  capillaries  separates 
and  excretes  various  essences  from  the  blood,  therefore  it  would  appear 
that  it  may  deservedly  and  ex  officio  be  termed  an  artery.  (Ibid.,  p.  1 93, 
n.  407.)  The  bronchial  artery  teaches  the  pulmonary  to  play  the 
artery.  (Ibid,,  p.  203,  204,  n.  409,  ^f.) 

(e)  The  subtlest  pores  generated  by  the  cutaneous  fibres,  and  drawn 


Digitized  by  VjOOQ IC 


ORGANIC  FORMS  GENERALLY. 

liver,  is  sent  out  by  two  ways,  or  through  fibres  of  two  different 
characters  and  functions ;  to  wit,  through  sensorial  and  motorial 
fibres ;  through  the  former,  to  the  sensorial  organs  of  the  head 
and  the  body;  through  the  latter,  to  the  motorial  organs,  or 
the  muscles.  The  one  and  the  other,  as  first  parents,  build  and 
furnish  all  the  forms  of  the  organic  body  from  the  innermost : 
the  sensorial  fibres,  as  forces  eminently  passive,  carry  up  the 
impressed  modes  of  objects  to  the  cerebrum ;  while  the  moto- 
rial fibres,  as  forces  eminently  active,  carry  down  the  voluntary 
modes  to  the  muscles  of  the  body.  Thus  the  same  order  pre- 
vails everywhere,  and  the  same  wonderful  consent  in  generals. 
It  is,  then,  a  common  and  perpetual  law  in  all  the  organic 
fabrics  of  the  body,  that  determinations  and  fltuxnons  proceed 
from  the  otUermost  sphere  to  the  innermost,  and  from  the  inner^ 
most  to  the  outermost ;  or  what  amounts  to  the  same  thing,  from 
the  greatest  to  the  least,  and  from  the  least  to  the  greatest,  or 
from  compounds  to  simples,  and  from  simples  to  compounds  (/). 

641.  The  proper  vessels  of  the  organs  and  viscera,  that  go  out 
from  them,  bear  in  every  point  of  them  exactly  the  same  cJiaracter 
and  nature  as  the  unities  from  which  they  are  produLced ;  and  carry 
out  with  them,  wherever  they  go,  this  character  and  nature  received 
from  their  unities,  as  principles;  so  that  they  are  the  unities  con- 

back  from  their  apertures,  produce  fibres  that  are  to  be  called  corporeal 
fibres,  (n.  504.)  These  pores'*^  convey  the  elemental  food  that  they  sip 
firom  the  ether  and  celestial  auras,  immediately  to  the  cortical  glands 
of  the  brain,  which  are  the  prime  laboratories  of  the  spirits,  (n.  507, 
509.) 

(f)  The  vessels,  like  all  other  things  in  the  visible  world,  in  each 
of  their  degrees,  have  their  determinate  maximum  and  minimum,  and 
proceed  from  their  maximum  to  their  minimum,  and  from  their  mini- 
mum to  their  maximum.  (Economy  of  the  Animal  Kingdom^  tr.  i.,  n.  156 
— 163.)  By  intimates,  leasts,  and  simples,  we  understand  the  unities 
above  described ;  but  not  the  least,  simple,  and  innermost  things  that 
enter  and  construct  the  unities  themselves;  that  is  to  say,  not  the 
nervous  fibres  and  vessels ;  according  to  what  we  observed  above, 
n.  538,  539. 

*  It  is  to  be  observed,  that  the  word  /yore,  in  anatomical  language,  means 
fireqnently  a  channel  or  passage,  and  that  its  signification  is  not  limited  to  holes  or 
outlets  merely.— fTV.J 
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turned.  But  the  proper  vessels  that  enter  the  organs  and  viscera^ 
and  terminate  in  the  unities  as  centres,  take  the  character  and 
nature  at  once  of  the  compound  and  the  unity ;  thus  again  the 
same,  because  compounds  and  unities,  as  similar  types,  resemble 
each  other  in  their  manner  of  operation ;  or  mutually  represent 
each  other.  This  law  also  holds  good  of  the  same  organs  that 
we  haTe  before  submitted  to  analytic  scrutiny ;  particularly  of 
those  illustrious  organs  that  are  the  heads  of  the  families  of  the 
body ;  I  mean,  the  hearty  the  liver^  the  lungs,  and  the  cere- 
brum :  all  the  other  organs  take  the  same  course,  and  side  with 
these.  Here  again,  then,  let  us  listen  to  the  oracle  of  experi- 
ence. All  the  innumerable  arteries  of  the  one  heart,  that  is  to 
say,  all  the  possible  arteries  of  the  body,  in  their  running  finrth, 
carry  no  other  motion  or  manner  of  action  than  what  they  owe 
to  their  heart,  and  this  they  keep  as  it  were  inscribed  upon  their 
fibres,  little  circles,  and  membranes,  all  the  way  to  the  end. 
The  vessels  are  only  discriminated  quantities,  or  multitude, 
while  the  heart  is  a  continuous  quantity,  or  magnitude,  that 
describes  and  distributes  itself  into  the  yessels.  The  very  mem- 
branes of  the  heart  are  continued  uninterruptedly  to  the  aorta, 
and  &om  the  aorta  to  its  whole  ofispring,  as  the  bark  of  a  tree 
is  continued  to  the  branches  and  twigs ;  the  innermost  coat  pro- 
duces itself  all  the  way  to  the  extremities  {g).  The  blood  runs 
through  the  same  vessels  in  a  continuous  stream,  and  as  it  is 
impelled  in  the  heart,  so  it  is  impelled  in  the  arteries ;  the  same 
kind  of  pulse  that  is  impressed  in  the  first  sphere  is  also  actively 
present  in  the  last ;  nay,  the  same  kind  that  is  impressed  in  any 
point  of  one  of  the  higher  branches,  is  also  present  in  the 
branches  succeeding  it ;  so  that  when  the  systole  of  the  centre 
ceases,  the  systole  of  the  branch  instantly  ceases  also ;  or  when 
the  pulse  of  the  branch  ceases,  the  pulse  of  its  continuous  ra- 
mifications ceases  also  (A).    Thus,  wherever  any  little  artery  is 

{g)  We  have  ocular  proof  of  the  fact,  that  the  muscle  of  the  heart 
is  continued  to  the  muscular  coat  of  the  great  artery,  and  so  forth : 
and  while  this  coat  becomes  progressively  thinner,  and  at  last  is  taken 
off  and  vanishes,  the  innermost  coat  remains  to  the  very  ends  of  the 
arteries,  as  shewn  above,  n.  507 — 509. 

(A)  This  was  proved  by  many  considerations  in  the  Economy  of  the 
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present^  there  the  heart  itself  is  as  it  were  presented,  and  acts. 
Very  similar  is  the  case  in  the  liver :  its  proper  vein  and  biliary 
pore  are  encircled  with  the  same  little  coat  produced  firom  the 
common  coat,  as  the  central  follicle  itself,  or  the  little  heart  or 
corcnlum  termed  a  hepatic  gland  (t).     The  fibre  of  the  same 

Animal  Kingdom,  where  the  following  conclusion  was  the  result  to 
which  we  came :  "  In  the  doctrine  of  muscle,  artery,  and  fibre,  this 
rule  has  the  first  and  last  place,  that  in  every  point  of  an  artery  there 
is  a  certain  likeness  of  the  heart,  and  in  every  point  of  a  fibre  there  is 
a  certain  Ukeness  of  the  brain ;  namely,  in  this  way,  that  there  is  no 
point  in  an  artery,  and  no  point  in  a  fibre,  that  does  not  propel  its 
fluid,  just  as  if  the  beginning,  to  wit,  the  heart,  or  the  brain,  were 
absolutely  present  there:  wherefore,  when  any  point  of  a  vessel  or 
fibre  is  touched,  compressed,  distended,  or  otherwise  modified,  a  similar 
modification  instantly  runs  along  all  the  vesseb  that  come  after  that 
point,  or  along  all  the  fibres,  down  to  the  extremities ;  with  this  dif- 
ference only,  that  such  a  touch  modifies  but  a  few  fibres,  namely,  those 
that  follow  [the  part  touched],  while  the  cerebrum  and  cerebellum  mo- 
dify all  universally,  as  the  heart  modifies  all  the  arteries.'*  (Op,  Cit., 
tr.  i.,  n.  507,  570.)  And  hence  the  correspondence  of  the  heart  with 
the  ramifications  in  all  the  peripheries  and  extremes.  (Ibid,,  n.  234.) 

(i)  The  production  of  the  capsule  is  wonderful,  and  is  not  easily 
comprehended  by  an  intuitive  idea  alone  ;  for  it  is  continued  from  the 
common  coat  of  the  viscus,  and  envelops  the  vena  portae,  all  the  proper 
vessels  of  the  liver,  as  the  branches  of  the  vena  portae,  the  hepatic 
vein  and  poms  bilarius,  also  the  common  vessels,  as  the  hepatic  artery, 
and  the  nerves,  and  proceeds  with  the  whole  bundle  of  them  towards 
the  glands,  which  are  again  surrounded  one  by  one  with  a  production 
of  the  same  capsule.  So  that  by  this  which  is  called  the  capsule  of 
GUsson,  there  is  a  continuation  of  the  innermost  things  with  the  outer- 
most, or  a  consociation  of  all  parts.  And  furthermore  each  part  is 
covered  singly  by  the  same.  And  the  like  takes  place  not  only  in  the 
hver,  but  also  in  the  lungs,  in  the  spleen,  and  in  the  kidneys.  In  fact, 
if  we  duly  examine  the  pericardium,  and  its  connexion  with  the  heart 
and  its  proper  and  common  vessels,  we  see  that  there  is  a  similar  cap- 
sule, and  that  the  same  thing  goes  on  there.  But  it  would  be  tedious 
to  explain  all  these  points  now ;  the  reader  will  find  them  explained 
throughout  in  Parts  I.  and  II.,  where  we  have  treated  of  the  above 
viscera.  He  vnll  also  find  it  stated,  that  the  operations  of  the  liver 
begin  in  its  glands,  and  continue  the  same  through  the  branches  that 
proceed  from  those  glands.  (Part  I.,  p.  286—290,  n.  209.) 
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nerve,  and  the  vessel  from  the  same  branchy  that  flows  into  the 
principle  or  gland,  also  flows  into  the  vein  and  pore  continued 
from  them,  and  thus  introdnces  a  similar  character,  implants  a 
similar  power  of  acting,  a  similar  manner  of  effecting,  and  end 
of  operating.  For  the  hepatic  artery,  and  the  fibre  of  the  in- 
tercostal nerve  and  par  vagnm,  which  construct  the  innermost 
forms,  incessantly  accompany  the  proper  vessels  of  the  liver, 
and  as  they  initiate  and  govern  the  very  origin,  so  they  initiate 
and  govern  its  propagations  also.  This  is  clearly  discoverable  by 
sight  [k) ;  and  moreover  from  the  form  of  continued  operation ; 
for  we  everywhere  find  a  continuous  cause,  or  a  continuous 
effect  of  the  cause.  And  the  branches  of  the  vena  portse,  which 
flow  in,  are  covered  throughout  their  course  with  the  same  cap- 
sule as  the  porta  itself,  all  the  way  to  the  innermost  stations ; 
and  on  a  signal  given  by  the  vena  portse,  and  at  the  same  time 
by  the  centres,  where  their  last  boundaries  are  situated,  they 
rush  into  obedience  to  both ;  for  the  circumstance  that  the  vena 
port»,  or  if  you  please,  the  whole  composition  of  the  Hver,  in- 
stitutes a  motion  in  accordance  with  [the  motion  of]  all  the 
unities  or  glands,  results  from  that  fabric  [of  the  organ],  by 
means  of  which  one  thing  is  placed  in  such  close  connexion 
with  another  by  sheaths  and  tunics :  for  parts  and  compounds 
are  so  bound  by  bonds  to  the  common  service,  that  they  live  in 
a  harmonious  division  of  labor  (n.  534).  Organic  forms  are 
perfect,  in  proportion  as  their  unities  and  compounds  stand  re- 
lated to  a  similar  type  in  their  power  and  manner  of  acting 
(n.  536).  Unities  and  continuations  of  unities  are  the  essential 
determinations  that  construct  the  form  of  the  whole,  or  the 
common  form  (n.  539).  From  which  it  follows,  that  the  vessels 
that  flow  in,  import  the  same  nature  as  those  that  flow  out 
export;  but  those  vessels  that  enter  the  organ,  in  an  inverse 
way  to  those  that  leave  it ;  for  the  unities  concur  with  the  com- 
pounds to  carry  the  former  inwards,  but  the  compounds  concur 
with  the  unities  to  carry  the  latter  outwards.    The  diameters 

(k)  These  are  mere  teachings  of  experience ;  as  also  that  the  nerves 
proceed  within  the  same  sheath  as  the  proper  vessels  of  the  liver,  and 
constantly  give  fibres  to  them ;  likewise  the  hepatic  artery  :  which  fibres 
and  vessels  do  everything  in  the  very  glands,  as  centres,  that  they  do 
in  the  continued  branches. 
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and  peripheries  of  the  lungs  depend  in  a  similar  manner  upon 
the  active  forces  possessed  by  the  centres ;  so  do  the  least  bron- 
chial branches  depend  upon  the  vesicles ;  the  larger  branches 
upon  the  lesser ;  lastly,  the  trachea  upon  the  larger :  from  which 
series  it  results,  that  the  least  vesicle  is  all  [in  all]  in  the  lungs 
and  trachese ;  as  we  have  clear  sensible  demonstration,  not  only 
&om  the  continuity  of  the  parts,  but  also  &om  effects,  as  from 
the  intervals  in  sounds,  and  the  pauses  or  divisions  in  speech. 
Equally  compliant  are  the  arterial  and  venous  branches,  to  the 
innermost  cells  and  networks  of  the  lungs,  upon  which  cells 
and  networks,  as  upon  so  many  centres,  all  the  peripheries, 
(which  are  moreover  formed  of  the  very  centres,)  depend  (/). 
The  same  law  obtains  still  more  perfectly  in  the  cerebrum :  its 
fibre  draws  foilJi  from  its  principle,  the  cortical  spherule,  what- 
ever lies  in  that  spherule,  and  is  engrafted  upon  it ;  for  by  that 
principle  it  is  clothed,  and  by  that  principle  it  is  filled  with 
spirit ;  consequently,  it  derives  firom  it  all  its  power  as  a  cause, 
and  all  its  distinctive  character,  and  this,  so  consentaneously, 
that  nothing  can  happen  to  the  fibre  of  the  sensorium,  whether 
it  be  of  the  eye,  or  of  the  ear,  or  of  the  tongue,  without  a  most 
accurate  likeness  of  it  being  exhibited  in  the  sensorium  of  the 
cerebrum ;  that  is,  in  the  cortical  substance  thereof :  nor  can 
anything  be  turned  over  in  the  mind,  that  if  it  please  may  not 
be  portrayed  in  the  extremes  by  means  of  the  fibres ;  for  in- 
stance, in  action,  by  the  muscles.  Nay,  the  very  minds  and 
inclinations,  or  affections,  that  excite  the  principles,  shine  out 
upon  the  face  of  actions,  and  gleam  through,  however  they  are 
concealed :  shewing  that  the  fibre  is  the  cerebrum  continued,  or 

(/)  The  reader  will  find  this  confirmed  throughout  in  the  foregoing 
pages,  n.  532 — 541.  Respecting  the  excitation  of  the  lungs  by  their 
vesicles,  to  the  different  species  of  respiration,  and  to  the  various  modes 
of  speech  and  singing,  see  Part  II.,  p.  141 — 144,  n.  394  (?).  The 
pneumonic  power,  and  the  drculatory  power  that  propels  the  blood, 
resides  in  the  very  centres,  cells,  and  networks  of  the  longs ;  and  all 
the  circumferences  are  governed  therefrom.  (Ibid,,  p.  152,  153, 
n.  396  (?) ;  p.  193—195,  n.  408,  u,  y.)  The  action  of  the  muscles  of  the 
thorax  penetrates  to  the  innermost  parts  of  the  lungs.  (Ibid.,  p.  227, 
n.  421,  h.) 

VOL.  II.    CHAP.  III.    PART  I.  K  K 


Digitized  by  VjOOQ IC 


498  THE    ANIMAL   KINGDOM. 

its  cortical  substance  continued^  and  as  it  were  a  ray,  in  everj 
point  of  which  a  likeness  of  the  action  of  the  cerebrum  is  most 
presently  repres^ited  (m).  In  these  respects,  the  other  organs 
and  viscera  of  the  body  exactly  agree,  whether  they  consist  ci  a 
diBcriminated,  or  of  a  continuous  unity:  or  to  speak  more 
plainly,  whether  their  unity  be  a  gland,  or  a  cell,  or  any  kind 
of  fibre  (n) ;  for  in  all,  there  is  a  continuation  of  the  unity. 
These  considerations  present  us  moreover  with  the  following 
consequence;  namely,  that  compounds  are  only  aggreg<Ue$  of 
single  9ub»tanee$,  or  sums  of  their  tmUies  put  together  tipon  the 
model  qf  tue. 

542.  In  the  organic  fabrics  of  the  body,  the  series  in  the  pro- 
gression of  causes  fqfpears  throughout  to  be  as  foUows :  the  ol^fect 
or  material  out  of  which  and  by  means  of  which  Ithe  effect  is  pro- 
duced], comes  from  without;  it  is  isnmediately  carried  away  by 
distinct  paths  towards  the  centres;  and  at  the  same  time  is  col- 
lected in  a  receptacle,  that  the  centres  may  constantly  supply  their 
necessities  therefrom.  TTUs  material  is  examined  and  prepared  on 
the  way  to  the  centres;  it  is  then  recdoed,  turned  about,  digested, 
and  discriminated  into  parts,  by  the  centres ;  the  finer  portion  is 
chosen  out,  and  sent  forth  for  use ;  the  viler  portion  is  separated 
or  secreted,  sent  away,  corrected  on  the  way  as  in  the  centres; 
and  is  expended  upon  some  middle  use ;  lastly,  the  residue,  which 
is  worthless,  is  thrown  out.  This  is  the  ratio  of  all  composition. 
But  without  preface  let  us  examine  the  fabrics  themselves,  which 
are  living  examples  of  the  truth  of  the  matter,  and  demonstrate 

(m)  The  cortical  spherules  are  prefixed  as  little  hearts  to  each  fibre. 
(Eeon.  A.  K,,  tr.  i.,  n.  177,  472  ;  tr.  ii.,  n.  111—117,  n.  132—147.) 
There  is  a  likeness  of  the  brain  in  every  fibre.  (Ibid.,  tr.  i„  n.  507, 
570.)  The  fibres  carry  with  them  the  animus  of  the  brain,  and  exer- 
cise desire  and  loathing,  and  thus  choose  out  and  absorb  a  suitable 
chyle.  (Animal  Kingdom,  Part  I.,  p.  206,  207,  n.  156  (A,  i,  it)  ; 
p.  207,  208,  n.  157  (0  ;  p.  242,  n.  185.)  Without  such  harmony  of 
the  extremes,  no  possible  concord  could  exist  in  the  body ;  so  that 
without  there  were  a  kind  of  cerebrum,  by  the  likeness  of  its  action, 
present  in  every  fibre,  and  a  heart  likewise,  in  every  vessel,  we  should 
look  in  vain  for  any  eflPect. 

(n)  Glands,  cells,  papillae,  or  some  kind  of  fibres,  are  the  common 
unities  of  the  viscera  and  organs  of  the  body  (n.  538). 
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it  to  UB ;  to  wit,  the  liver,  the  limgs,  the  stomach,  the  heart, 
and  lastly  the  cerebrum  and  the  organs  of  the  senses.  And 
first,  with  respect  to  the  liver  ;  its  office  is,  to  refine  the  chyle, 
to  marry  it  to  the  blood,  and  to  lustrate  the  blood  itself  (o).  In 
this  case,  the  object  or  material  out  of  which  [the  effect  is  pro- 
dncedly  or  the  blood  mingled  with  the  fresh  chyle,  comes  from 
without,  namely,  from  the  stomach,  the  intestines,  the  mesen- 
tery, and  the  omentum ;  and  the  blood  that  is  to  be  lostrated, 
and  at  the  same  time  to  serve  as  a  menstruum,  comes  from  the 
pancreas  and  the  spleen ;  as  well  as  immediatdy  from  the  aorta 
or  the  codiac  artery;  all  of  which  are  extrinsic  to  the  liver. 
This  blood  is  immediately  carried  away  by  distinct  paths  towards 
the  centres  (p)  through  the  hepatic  artery,  whidi  freely  anasto- 
mosing with  the  vessels  of  the  liver,  carries  in  the  blood  by  a 
short  cut  (q).    And  at  the  same  time  is  collected  in  a  receptacle, 

(o)  The  Uver  ia  the  defecatory  of  the  chyle,  the  lustratory  of  the 
blood,  and  the  prqMurattory  of  the  hepatic  bile.  (Part.  I.,  p.  277,  278, 
n.  204,  d,  e.) 

(p)  Tlie  liver  receives  the  crude  chyle  from  the  stomach  and  intes- 
tines by  way  of  the  veins.  (Part  I.,  p.  278,  n.  205.)  It  receives  the 
impure  blood  from  the  spleen  and  the  pancreas.  (Ibid.,  p.  278,  279, 
n.  205.)  In  order  to  purify  the  chyle  and  inaugurate  it  into  the  blood, 
the  Uver  has  need  of  a  menstruum  prepared  by  the  spleen  and  the  pan- 
creas. (Ibid.,  p.  355,  356,  n.  246  (/)  ;  p.  358,  n.  247 ;  p.  347,  n.  244.) 
The  Hver  demands  back  the  embodiment  of  the  blood  from  the  omen- 
tum partieularly.  (Ibid.,  p.  390,  391,  n.  265.)  It  is  well  known  that 
the  Uood  of  the  mesentery  also  is  conveyed  towards  the  Uver. 

(q)  The  hepatic  artery  pours  on  new  blood.  (Part  I.,  p.  284, 
n.  208,  r.)  This  hepatic  artery  arises  from  the  coeliac  artery  or  firom 
the  aorta,  and  proceeds  along  with  the  branches  of  the  vena  portae 
within  the  capsule  of  Glisson;  frequently  communicating  with  those 
branches,  just  as  the  bronchial  artery  in  the  lungs  frequently  communi- 
cates with  the  branches  of  the  pulmonary  artery.  "  The  Uver  receives 
firom  the  coeUac  artery,"  says  Winslow,  '*  a  peculiar  .  .  .  branch  called 
the  hepatic  artery.  .  .  .  The  ramifications  of  the  hepatic  artery  and 
nervous  plexus,  are  enclosed  in  the  ceUular  capsule,  together  with  the 
branches  of  the  vena  portse,  and  the  pori  bilani.  ...  If  we  blow  through 
a  tube  into  the  vena  portse,  vena  cava,  hepatic  artery,  or  trunk  of  the 
pori  bilarii,  but  especially  into  the  veins,  the  mass  of  the  Uver  imme^ 
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or  in  the  two-fold  vena  port®,  frmn  which  the  centres  supply 
theirnecessiti€s{r).  The  blood  taken  out  therefrom,  and  tho- 
roughly kneaded  there,  is  examined,  and  prepared  on  the  way 
towards  the  glands;  for  the  part  that  is  serous,  and  infarcted 
with  crudities,  and  that  would  hinder  separation  in  the  centres, 
is  cast  aside  through  the  foramina  with  which  the  vessels  of  the 
vena  portse  are  perforated,  into  the  surrounding  cellular  tissue, 
and  by  that  tissue  is  carried  off  all  the  way  towards  the  surface, 
where  again  it  is  exposed  to  the  little  mouths  of  the  lymphatics 
and  veins,  which  pick  out  and  collect  the  finer  portions  of  it  (*). 
//  is  then  received  by  the  centres,  and  turned  about  by  the  alter- 
nate expansion  and  constriction  of  each  centre  or  gland,  which 
movements  are  synchronous  with  the  respiratory  movements  of 


diately  begins  to  swell,  and  the  granules  next  the  surface  are  raised, 
and  become  more  perceptible."  (Ibid,,  p.  258,  259,  n.  194.)  See  also 
the  other  authors  there  quoted,  and  what  is  said  below  of  the  bronchial 
artery  [n.  543],  which  serves  the  same  purpose  in  the  lungs  as  the 
hepatic  artery  in  the  liver. 

(r)  The  vena  portae  is  the  receptacle  of  the  blood  conveyed  thither 
by  the  stomach,  intestines,  omentum,  pancreas  and  spleen ;  and  con- 
founds all  their  streams  into  as  it  were  one  chaos.  (Part  I.,  p.  278» 
279,  n.  205,  g,  h,  i,  k,)  And  the  internal  parts  of  the  liver  can  sum- 
mon from  it,  as  from  a  storehouse,  the  whole  supply,  so  that  the  labo- 
ratory of  the  organ  may  never  lie  unemployed. 

(«)  The  branches  of  the  capsule  of  the  liver  are  perspirable  through- 
out. (Ibid.,  p.  289,  290,  n.  209,  g.)  And  the  glands,  as  well  as  the 
branches,  are  perforated  with  holes,  from  which  the  lymph  exudes. 
(Ibid.,  p.  285,  n.  208,  *.)  This  is  evident  from  the  surrounding  cel- 
lular tissue ;  from  the  exudation  and  transmission  of  the  lymph  towards 
the  surface,  where  innumerable  lymphatics  are  conspicuous  :  it  is  shewn 
especially  by  the  anatomy  of  other  viscera  compared  with  that  of  the 
liver,  as  the  lungs,  the  spleen,  the  kidneys,  the  biliary  capsules  [or 
succenturiate  kidneys],  &c.,  the  branches  and  pipes  of  which  are  full 
of  perforations.  Thus  anything  that  would  hinder  separation  in  the 
innermost  glands,  is  carried  away.  The  lymphatics  demand  back  the 
spirituous  parts  and  valuable  essences  of  things,  and  restore  them  to 
the  blood.  (Ibid.,  p.  448—450,  n.  291  (m),  n.  292.)  But  the  veins 
demand  back  the  embodiment  of  the  blood.  (Ibid.,  p.  447,  448, 
n.  291.) 
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the  lungs  (/).  Conseqaently^  U  is  discriminaied  into  parts  and  se- 
parated ;  that  is  to  say^  the  clean  and  defecated  portion^  or  the 
blood  mingled  and  married  with  the  virgin  chyle^  is  taken  into 
the  hepatic  veins,  which  export  it  through  their  branches  until 
they  meet  those  of  the  vena  cava  (u).  Thus  the  finer  portion  is 
chosen  otU,  and  sent  forth  for  we.  But  the  unclean  and  outcast 
portion,  or  the  bile,  is  poured  into  the  hepatic  pores,  and  therein, 
as  in  the  centres  themselves,  or  in  the  glands,  of  which  these 
pores  are  continuations,  it  is  turned  about,  digested,  and  di- 
vided, and  thb  goes  on  all  the  way  to  the  ductus  cysticus,  and 
afterwards  through  the  ductus  cholidochus,  and  even  in  the  in- 
testines {x).  Thus  the  viler  portion  is  separated,  and  corrected 
on  the  way  as  in  the  centres,  and  at  the  same  time  is  of  this  use, 
that  it  serves  as  a  menstruum  to  both  the  intestines  and  the 
gall-bladder  (y)  :  and  in  this  way  is  expended  ttpon  a  middle  use. 

(t)  In  the  liver  all  things  are  done  by  virtue  of  expansion  and  con- 
striction. (Ibid.,  p.  285,  286,  n.  208,  ti.)  These  motions  are  syn- 
chronous with  the  respirations  of  the  lungs.  (Ibid,,  p.  294,  n.  214,  q,) 

(u)  The  hepatic  vein  carries  away  the  blood  mixed  with  chyle,  and 
transfers  it  into  the  vena  cava.  (Ibid,,  p.  291,  n.  211.)  The  liver's 
sphere  of  activity  extends  towards  the  vena  cava,  all  the  way  to  the 
ends  of  the  branches  of  the  hepatic  vein.  (Ibid,,  p.  291,  292, 
n.  211,  ;t.) 

(x)  The  proper  vesseb  of  the  viscera,  that  go  out  from  them,  pos- 
sess in  every  point  of  them  exactly  the  same  character  and  nature  as 
the  unities  from  which  they  are  produced ;  and  wherever  they  go,  retain 
this  character  and  nature  received  from  their  unities,  as  principles,  and 
carry  it  out  with  them ;  so  that  they  are  the  unities  continued  (n.  541). 
The  offices  commenced  in  the  glands,  continue  to  be  of  the  same  cha- 
racter through  the  whole  of  the  biliferous  passage,  so  that  the  liver  is 
at  work  in  every  point,  separating,  discriminating,  and  purifying  the 
chyle  and  the  blood.  (Part  I.,  p.  287—290,  n.  209.)  The  poms  bik- 
rius  corrects  and  purifies  both  the  chyle  and  the  blood.  (Ibid.,  p.  290, 
291,  n.  210,  A,  t.)  The  porus  bilarius,  as  well  as  the  hepatic  duct, 
works  the  bile,  as  the  intestines  work  the  food.  (Ibid.,  p.  293,  n. 
213,  n.)  This  working  or  treatment  of  the  bile  never  ceases.  (Ibid,, 
p.  303,  304,  n.  218,  g.) 

(y)  It  is  well  known  that  the  pori  bilarii  unite  to  form  the  hepatic 
duct,  and  that  the  hepatic  bile  is  poured  into  the  intestines  U^ther 
with  the  cystic  and  pancreatic  biles  :  it  is  also  a  common  opinion,  that 
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Bat  the  part  that  is  quite  effete  is  rejected  with  the  ahrine 
feces  (z) ;  80  Uutly,  the  residue,  which  is  worthless,  is  thrown  out. 
The  liver  is  formed  for  this  series  of  operations^  or  of  progres- 
sion of  causes^  this  being  the  ratio  of  Us  composition. 

543.  Secondly^  the  same  plan  is  carried  out  in  the  lunos^ 
the  offices  of  which  consist  in  respiring^  or  rousing  the  oi^ans 
of  the  body  to  their  tasks  by  means  of  respiration  (a) ;  also  in 
purifying  the  blood ;  but  let  us  consid^  the  progression  of  the 
one  office  separately  firom  that  of  the  other.  With  respect  to 
the  first  office^  or  respiration^  we  all  know,  that  the  air  is  the 
object  or  material  by  means  of  tohich  [rtspirfUion  is  carried  on]  ; 
and  that  it  comes  from  without,  or  through  the  nares,  the  labial 
mouth,  the  palate,  the  larynx,  and  the  trachea;  and  is  carried 
away  by  distinct  paths,  that  is,  by  the  bronchial  branches,  to- 
wards the  centres  of  the  lungs,  or  the  vesicles  (A) :  and  at  the 
same  time  is  collected  in  the  trachea  as  m  a  receptacle,  that  the 
vesicles  or  centres  may  supply  their  necessities  therefrom.  It  is 
evident  that  the  trachea  is  a  receptacle,  fipom  the  power  that  we 
possess  of  respiring  for  some  time  even  with  the  mouth  and 
nares  stopped  up  (c).     The  air  is  examined  and  prepared  on  the 

these  biles,  or  their  admixture,  serve  as  a  gross  salivary  humor  to  assist 
the  intestines  to  digest,  and  the  food,  to  be  digested.  The  bile  is  not 
absolutely  rejected,  but  the  genuine  portion  of  it  returns  into  the  blood. 
(Ibid.,  p.  304,  305,  n.  218,  A.)  The  hepatic  bile  returns  with  interest. 
(Ibid.,  p.  293,  n.  213,  n.)  The  liver  rejects  the  hard  blood  into  the 
gall-bladder,  in  order  to  be  treated,  and  at  the  same  time  to  serve  as  a 
menstruum.  (Ibid,  p.  296—300,  n.  215.) 

(z)  None  but  the  dead  portion  of  the  bile  ia  rejected  with  the  alvine 
feeces.  (Ibid.,  p.  304,  305,  n.  218.) 

(a)  The  common  use  of  the  lungs  consists  in  respiring.  (Part  II., 
p.  141,  n.  393,  394.)  And  in  exciting  the  viscera  to  their  functions. 
(Ibid.y  p.  140,  n.  392;  p.  150—172,  n.  395—403.) 

(b)  The  lungs  are  the  continued  ramification  of  the  trachea,  and 
the  air  penetrates  aU  the  way  to  the  vesicles,  as  to  the  ultimate  boun- 
daries, or  as  to  the  centres,  where  the  lungs  especially  exercise  their 
pneumonic  function.  (Part  II.,  p.  93,  n.  372;  p.  141 — 145,  n.  394.) 

(c)  It  may  be  concluded,  that  the  trachea  and  the  bronchia  are  re- 
ceptacles of  the  air,  not  only  from  the  capadty  and  from  the  fabric  of 
both,  in  that  they  admit  of  being  considerably  expanded  and  constricted 
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way  to  the  centres,  so  that  when  it  flows  in^  it  may  not  be 
biting^  roughs  and  cold^  but  tepid  and  exactly  accommodated 
to  the  effects  that  are  to  be  produced  {d).  It  is  then  received  by 
the  centres,  turned  about  and  digested  by  continual  volution^  col- 
lision, and  repercussion,  when  it  is  to  be  inaugurated  into  the 
production  of  sound,  as  well  as  by  the  expansions  and  constric- 
tions proper  to  the  lungs  {e);itis  discriminated  into  parts ;  then 
the  quahty  and  quantity  that  is  suitable,  is  chosen  out  by  the 
Tcsicles  of  this  or  that  region,  and  sent  forth  fir  use  to  the  la- 
rynx, to  produce  speech  or  song  (/).  But  the  part  that  is  not 
suitable,  is  separated,  and  expired  during  the  intervals  of  the 

by  means  of  their  cartilagmous  circles,  and  their  lamellae  placed  one 
beside  another,  (See  Part  II.,  p.  145,  146,  n.  394,  h  :)  but  also  from 
an  experiment  that  every  one  may  try  in  his  own  person,  by  stopping 
up  the  nostrils  and  the  mouth ;  as  Mayow,  Verheyen,  Plempius,  and 
others,  state  from  their  own  observation.  *'  I  can  raise  and  depress  my 
chest,"  says  Plempius,  **  when  the  larynx  is  closed,  in  the  same  way 
as  when  I  respire,"  &c.  (Verheyen,  Suppl.  Corp.  Hum.  Anat.,  lib. 
ii.,  tract,  ii.,  cap.  vi.) 

(d)  The  nares  temper  with  a  gentle  warmth  the  air  which  is  enter- 
ing. (Part  II.,  p.  12,  n.  344.)  They  cleanse  and  purify  it  from  float- 
ing partides  of  dust,  and  noxious  ejdialations.  (Ibid.,  p.  14,  n.  344.) 
The  trachea  does  the  like.  (Ibid.,  p.  95,  n.  374 ;  p.  99—101,  n.  375.) 
And  the  lungs  also.  (Ibid.,  p.  185,  186,  n.  406.) 

(e)  The  pneumonic  power  of  the  lungs  resides  in  their  very  centres 
or  vesides,  and  governs  all  the  circumferences  therefrom.  (Part  II., 
p.  193 — 195,  n.  408,  u,  y.)  How  inspiration  and  expiration  are  per- 
formed. (Ibid.,  p.  141 — 148,  n.  394.)  How  the  lungs  concur  with 
the  trachea  and  the  larynx  to  produce  sounds ;  namely,  that  it  is  done 
by  the  mere  repercussion  of  the  air,  this  repercussion  being  ccmtinued 
from  the  vesicles  through  the  bronchial  branches  and  the  trachea :  and 
the  action  of  the  lungs  upon  the  air  during  breathing,  is  different  from 
the  action  during  sounding  and  modulating.  (Ibid.,  p.  64,  65,  n.  364 ; 
p.  70,  71,  n.  365  (a) ;  p.  102,  n.  376  (n)  ;  p.  105,  n.  378  (a?)  ;  p.  168— 
172,  n.  403.) 

(/)  ^^  ^^®  there  also  explained  how  the  muscles  act  upon  the 
disf^iragm,  and  this  upon  the  lungs,  at  one  time  upon  one  part  of 
them,  at  another  time  upon  another  part ;  thus  mediately  upon  the 
vesicles  themselves,  so  that  the  air,  after  undergoing  repercussion 
within,  b  extruded.  (Ibid.,  p.  169—172,  n.  403.) 
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other  action,  and  thus  is  seiU  awa^y  and  on  the  way  to  generate 
and  promote  the  sound,  or  the  sonoroos  ground  of  speech,  in 
like  manner  as  in  the  centres,  it  undergoes  volution,  collision, 
and  repercussion;  thus  it  is  in  a  maimer  corrected,  and  expended 
upon  a  middle  use  {g) :  what  is  left,  and  will  serve  the  office  of 
speech  no  longer,  is  expired;  thus  the  residue  is  thrown  out. 
But  this  office  of  the  lungs,  namely,  their  respiratory  in  con- 
junction with  their  locutory  office,  does  not  shew  this  progres- 
sion of  causes  so  clearly,  as  the  other  office  associated  with  it, 
of  recruiting  the  blood,  which  is  carried  on  by  the  mediation  of 
the  air.  The  air  as  the  object  or  material  by  means  of  which 
\the  effect  is  produced^,  comes  from  without^  and  is  carried  away 
by  distinct  paths  towards  the  centres,  and  at  the  same  time  is  col- 
lected in  a  receptacle,  that  the  centres  may  supply  their  necessities 
therefrom  (h):  for  the  air,  filled  and  impregnated  with  aerial 
effluvia  and  aliments,  and  gliding  in  through  the  nares  and  the 
trachea,  is  sedulously  purified  of  noxious  and  recrementitious 
matters  on  the  way  to  the  centres,  and  is  so  well  prepared,  that 
when  it  reaches  the  innermost  parts,  or  the  vesicles,  it  is  pure 
and  clear,  and  carries  nothing  but  vapors  friendly  to  the  blood  («). 

(g)  The  trachea  produces  the  rade  sound,  which  the  larynx  forms 
into  singing  and  speech ;  and  this,  by  the  impulsion  [of  the  air]  upon 
its  membranes.  (Ibid.,  p.  104,  105,  n.  378.) 

(h)  Or  as  explained  just  above,  and  here  again  brought  forwud : 
"  the  air  is  the  ob;ect  or  material  by  means  of  which  [respiration  is 
carried  on]  ;  and  it  comes  from  without,  or  through  the  nares,  the 
labial  mouth,  the  palate,  the  larynx,  and  the  trachea ;  and  is  carried 
away  by  distinct  paths,  that  is,  by  the  bronchial  branches,  towards 
the  centres  of  the  lungs,  or  the  vesicles  (b)  :  and  at  the  same  time  is 
collected  in  the  trachea  as  m  a  receptacle,  that  the  vesicles  or  centres 
may  supply  their  necessities  therefrom,**  That  the  trachea  is  a  recep- 
tacle, see  note  (c). 

(t)  The  air  attracted  into  the  lungs  carries  with  it  volatile  matters, 
by  which  the  blood  is  nourished  as  it  were  with  heavenly  food.  (Fart 
II.,  p.  183 — 187,  n.  406,  A.)  The  nares  cleanse  and  purify  this  air 
from  floating  particles  of  dust,  and  noxious  exhalations.  (Ibid.,  p.  14, 
n.  344.)  The  trachea  does  the  like,  and  prevents  anything  hurtful 
from  entering.  (Ibid,,  p.  99 — 101,  n.  375.)  And  the  lungs  are  the 
colatories  and  lustratories  of  the  air,  and  the  refectories  of  the  blood. 


Digitized  by  VjOOQ IC 


ORGANIC  FORMS  GENERALLY.  505 

The  air^  with  these  its  gifts  and  aliments^  is  received  by  the  cen- 
tres, turned  about,  and  as  it  were  digested;  then  these  aliments 
are  discriminated,  so  that  those  that  are  suitable  are  seized  by 
the  yeins^  and  carried  away  to  the  left  chamber  of  the  heart. 
Tkus  the  finer  portion  is  chosen  out,  and  sent  forth  for  use  (A:). 
But  the  rest  is  separated  and  sent  away,  namely^  through  the 
foramina  with  which  the  bronchia  are  perforated^  into  the  cellu- 
lar tissue  [t),  where  it  is  corrected,  as  in  the  centres,  by  processes 
of  working  and  turnings  continual  and  alternate^  and  as  it  were 
of  digestion  {m) ;  and  there  the  refined  and  better  portion  sepa- 
rated from  the  viler  is  absorbed  by  the  little  mouths  of  the 
veins^  and  on  the  surface  by  the  lymphatics  (n) ;  and  at  once 

as  stated  in  the  following  words :  ''Thus  the  air,  closely  examined  at 
every  comer  of  the  way,  and  emunged  of  its  impure  accompaniments, 
at  length  comes  to  the  lungs  in  their  smallest  form,  namely,  to  the 
vesicles,  and  now  warm  and  bathed  in  vapors,  it  has  nothing  in  its 
bosom  but  what  la  friendly  to  the  blood, — nothing  but  delicate  and  wel- 
come presents,  which  the  veins,  omnipresent  in  their  little  atmospheric 
world  of  the  vesicle,  and  hungry  after  all  their  losses,  must  eagerly 
seek  out,  select  and  imbibe."  (Ibid.,  p.  186,  n.  406.  See  also  p.  191, 
192,  n.  407.) 

(k)  The  lungs  recruit  the  blood,  and  purify  its  serum,  and  how. 
(Part  II.,  p.  \74seqq.,  n.  405  seqq.,  and  notes.)  The  veins  and  lym- 
phatics absorb  and  carry  back  the  finer  matters.  (Ibid.,  p.  176,  177, 
n.  405.)  The  air  insinuates  aerial  aliment  into  the  blood,  and  the  lungs 
in  this  way  are  refectories  of  the  blood.  (Ibid.^  p.  184 — 186,  n.  406 
{d)  ad  fin.  The  veins  imbibe  these  presents  or  aliments,  and  carry 
them  away.  (Ibid.,  p.  184,  n.  406.) 

(J)  The  bronchia  are  perforated  with  numberless  little  foramina, 
through  which  not  the  air,  but  the  elemental  and  alimentitious  particles 
brought  by  the  air,  are  extruded  into  the  cellular  tissue  ;  proved  by  ex- 
perimental evidence.  (Part  II.,  p.  179 — 181,  n.  405,  u,  x.) 

(m)  How  the  cells  of  the  interlobular  texture  are  kept  in  perpetual 
expansion  and  constriction  while  the  lungs  are  respiring.  (Part  II., 
p.  195 — 197,  n.  408,  z.)  So  that  the  working  and  castigation  of  the 
humor  carried  in,  is  continual  and  not  alternate. 

(»)  In  order  to  exhibit  a  little  more  clearly  the  mode  in  which  the 
blood  is  lustrated  by  means  of  the  air,  I  will  here  set  forth  the  process 
as  described,  and  illustrated  by  anatomical  facts  and  observations,  in  a 
former  part  of  this  Work.     The  passage  to  which  I  allude  is  as  foHows  :. 
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serves  as  a  vehicle  far  throiriiig  out  the  serum  of  the  blood  into 
that  ceUolar  or  spongy  tissue^  and  as  a  menstraum  for  it  after 
it  has  been  thrown  out ^  in  order  that  it  in  like  maimer  may  be 
digested;  thus  U  is  expended  upon  a  middle  %se  (o).  But  the  re- 
mainiiig  part^  being  caput  mariuum  and  nothing  wcMrth,  is  sent 

"Whatever  is  sanguineous,  or  kindred  thereto  and  consanguineous, 
they  [the  lungs]  transmit  into  continuous  veins ;  but  whatever  \a  dis- 
cordant and  heterogeneous,  whatever  is  merely  a  dead  weight  and  a 
useless  burden,  hostile  to  the  marriage  of  the  chyle  with  the  spirit, 
and  wmdy  or  flatulent,  they  expunge  and  banish  out  of  the  bronchial 
aad  vesicular  kbules  into  the  cells  of  the  interstices,  and  there  woriL 
and  knead  by  reciprocal  powers  of  constriction,  and  express  its  liquid 
from  its  thicker  parts.  But  the  lungs  do  not  throw  out  the  whole  of 
this  impure  humor,  for  the  veins  select  and  reabsorb  the  part  available 
for  the  blood ;  the  lymphatics  imbibe  the  spirituous  part,  when  sub- 
limed to  the  surfiwe,  while  the  cellular  tissue  carries  off  the  ^mme  that 
is  left,  and  extrudes  it  through  foramina,  leading  uninterruptedly  from 
the  vesides  to  the  larynx,  into  the  bronchia  and  trachea.  Thus  the 
lungs  dear  away  the  dross  and  impurities  of  tiie  blood,  and  purify  and 
correct  the  undigested  contents  of  the  heart,  divided,  according  to 
nature's  wonted  manner,  into  their  individual  parts.''  (Part  II.,  p.  176, 
\77$  n.  405.)  The  reader  will  find  these  statements  conflrraed  by  a 
number  of  considerations,  in  Ibid.^  p.  174—183,  n^  405,  and  the 
notes. 

(o)  I  omitted  to  state  in  the  Analysis  of  the  Lungs,  that  the  humor 
in  the  ever-moistened  cells  serves  as  a  vehide  for  introducing  the  serum 
of  the  blood  that  is  to  be  purified  so  as  to  fbrm  a  menstruum ;  but  that 
this  humor  does  perform  the  office  of  a  vehicle  may  be  conduded  from 
many  oonsiderations.  For  the  cellular  tissue  is  like  a  sponge,  and  is 
therefore  called  by  anatomists  the  spongy  tissue ;  and  as  it  is  moist, 
flukt  rises  into  it  continually,  and  as  it  were  spontaneously,  by  a  law  of 
nature;  just  as  into  other  porous  bodies  that  have  previously  been 
moistened,  particularly  into  the  pores  of  vegetables :  so  that  one  supply 
of  hmnor  makes  and  opens  the  way  for  another.  That  it  also  serves 
a$  a  mensfntumf  in  the  same  manner  as  the  humor  doomed  to  rejection 
of  the  liver  and  pancreas,  and  of  the  gall-bladder,  in  the  intestines,  may 
be  gathered  from  its  mediate  nature,  in  that  it  still  possesses  parts  of  a 
comparatively  fine  and  valuable  kind,  which  admit  of  being  gathered 
together  and  associated  with  their  likes.  We  have  no  room  here  to  sup- 
port these  declarations  by  experimental  proofs. 


Digitized  by  VjOOQ IC 


ORGANIC  FORMS  GENERALLY.  507 

off  into  the  bronchia  and  trachea^  firom  which  it  is  excreted  both 
in  the  form  of  sputa^  and  by  the  air  itself^  that  impregnated 
with  effete  yapors^  carries  out  this  dead  remainder;  thus  the 
residue,  which  is  worthless,  is  thrown  oui  (p).  But  let  us  dwell 
a  little  longer  upon  the  purificatory  process  that  the  blood  un- 
dergoes in  the  lungs  :  for  the  second  office  proper  to  the  lungs 
consists  in  purifying  all  the  blood  of  the  body^  which  being  con- 
veyed into  the  right  ventricle  of  the  heart,  during  every  systolic 
action  thereof  is  poured  into  the  hmgs  through  the  pulmonary 
artery.  This  process  is  carried  on  in  the  very  cells  and  net- 
works of  the  hings.  Whatever  the  air  carries  in  with  it  fipom 
the  atmosphere^  it  presents  to  the  blood  as  a  kind  of  celestial 
gift,  not  in  order  that  the  blood  may  be  purified,  but  in  order 
that  it  may  be  exalted  to  a  higher  dignity,  and  become  like  ar- 
terial blood  {q) :  wherefore  let  us  as  heretofore  consider  this 
second  function  of  the  lungs  in  relation  to  the  same  general 
idea.  In  this  case,  not  the  air  but  the  blood  itself  is  the  oiject 
or  material  which  is  to  be  purified,  and  which  flows  in  through 
the  pulmonary  artery  firom  the  right  ventricle  of  the  heart  with 
the  fresh  chyle ;  thus  it  comes  from  without.  This  blood  is  tmivie- 
dHately  carried  away  by  distinct  paths  towards  the  centres;  that 
i«  to  say,  by  the  branches  and  twigs  of  the  bronchial  artery, 
which  flows  in  towards  those  ultimate  boundaries  from  the  great 
artery  or  fi*om  one  of  the  intercostals,  and  which  is  immediately 


(p)  The  Imigs  impregnate  with  vapors  the  air  ttiat  is  passing  out, 
and  load  it  with  effete  exhalations.  (Part  II.,  p.  101,  n.  375.)  They 
perform  the  office  of  emunctories.  (Ibid.,  p.  186,  n.  406.)  And  in 
these  words :  "  As  soon  as  ever  they  [the  hmgs]  have  enjoyed  the  ban- 
quet, they  throw  out  the  air  as  the  most  deadly  enemy  of  the  blood, 
and  .  .  •  load  it  like  a  mule  with  a  baggage  and  burden  of  adulterations, 
and  force  it  to  carry  them  out."  (Bid.,  p.  184,  185,  n.  406.)  The 
trachea  lends  assistance  to  the  lungs  in  these  respects.  (Ibid.,  p.  101, 
102,  n.  376.) 

(q)  This  is  described  and  shewn  in  Part  II.,  as  follows :  **  Thus  the 
blood,  fed  and  feasted  with  occult,  ethereal,  and  heavenly  food,  and 
no  longer  turbid  and  cloudy,  but  serene,  florid,  purple,  joyous,  lively, 
and  worthy  of  marriage  with  the  spirit,  has  already  put  on  the  arterial 
robe."  (Ibid.,  p.  186,  n.  406.) 
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carried  away  thither  [to  the  centres]  (r) :  so  likewise  is  the  great 
pahnonary  artery,  towards  the  plexiform  networks  and  cells  as 
its  ultimate  stations  («).     This  object,  or  this  blood,  is  at  the 

(r)  See  the  description  of  the  bronchial  artery  by  Ruysch,  [Dilucid., 
FalvuL,  cap.  iv.,  obs.  xv. ;  &c. ;]  by  Winslow,  Part  11.,  p.  126, 
n.  387 ;  and  the  account  of  it  collected  from  various  sources,  Ibid., 
p.  199,  200,  n.  409  ;  where  the  following  words  occur :  "  Besides  the 
pulmonary  arteries  and  veins, — as  it  were,  the  mistresses, — there  are 
also  certain  handmaids  and  domestics,  termed  the  bronchial  arteries, 
which  (arising  either  from  the  great  artery,  at  the  beginning  of  its 
descent,  or  from  one  or  more  of  the  interoostals,  or  from  the  oesopha- 
geal, or  from  some  other  root  connected  with  the  interoostals,  in  some 
cases  as  a  single  vessel,  in  others  by  two  trunks,  one  answering  to  each 
lung,  in  others  again  by  almost  as  many  trunks  as  there  are  lobules,) 
take  the  same  course  as  the  former  vessels,  skirting  along  the  bronchia, 
all  the  way  to  the  ultimate  stadia  and  plexiform  reticulations  of  the 
lungs.  In  fact,  the  bronchial  arteries  not  only  keep  step  with  the 
pulmonary  arteries,  and  accompany  them  to  the  very  end  of  their  walk, 
but  even  by  frequent  anastomoses  join  footsteps  with  them,  and  form  a 
general  alliance,"  &c.  See  also  the  notes.  These  vessels,  together  with 
the  nerves,  formed  the  lungs.  (Ibid.,  p.  202,  203,  n.  409,  n.)  They 
teach  the  pulmonary  artery  to  play  the  artery,  although  it  carries  venous 
blood.  (Ibid.,  p.  203,  204,  n.  409,  q.)  And  many  other  particulars. 
(Ibid.,  p.  203—206,  n.  409.)  So  that  this  is  the  artery  that  pene- 
trates  immediately  to  the  innermost  parts  of  the  lungs ;  and  its  blood, 
with  the  exception  only  of  the  superfluous  portion,  is  not  collected  in 
a  receptacle,  like  that  of  the  pulmonary  artery.  In  fact,  we  always 
find  that  there  \a  something  that  flows  in  immediately  towards  the 
innermost  parts,  while  the  rest  flows  in  mediately  only,  or  through  a 
receptacle.  The  former  is  the  case  with  the  hepatic  artery  in  the  Uver, 
and  with  other  arteries  in  other  parts. 

(«)  This  \a  too  evident  from  the  anatomy  of  the  lungs  to  stand  in  any 
need  of  further  comment :  see  Malpighi,  Part  II.,  p.  128—132,  n.  388, 
389,  and  the  other  authors  quoted  in  the  same  chapter.  The  blood,  sent 
from  the  heart  into  the  lungs,  as  its  grand  capsules  or  appendages, 
never  stops  until  it  arrives  in  the  last  meshes  and  reticulations,  that  is, 
in  the  field  of  leasts,  or  in  the  parietes  of  the  interlobular  ceUs,  where 
it  flows  round  and  round  in  a  perfectly  free  arena.  (Ibid.,  p.  194,  195, 
n.  408,  X,  y.)  The  blood  sent  by  the  heart  into  the  lungs,  is  no  longer 
under  the  government  of  the  heart,  but  under  the  jurisdiction  of  the 
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same  time  collected  in  a  receptacle,  that  the  centres  may  constantly 
supply  their  necessities  therefrom.  The  trunks  and  branches  of 
the  pulmonary  artery  are  all  so  many  receptacles  of  the  blood 
carried  in  fix)m  the  hearty  for  these  vessels  admit  of  immense 
dilatation  {t) ;  therefore  the  blood  is  carried  in  by  them  into  the 
networks  and  cells,  not  according  to  the  vibrations  of  the  heart, 
but  according  to  the  states  of  the  respiration  and  of  use ;  or 
what  amounts  to  the  same  thing,  it  is  taken  out  as  necessity  de- 
mands. It  is  continuaDy  purified  and  prepared  on  the  way  to  the 
centres;  which  circimistance  is  better  exemplified  in  the  lungs 
than  in  the  liver ;  for  the  pulmonary  artery  runs  through  perpe- 
tual centres  where  the  sanguineous  networks  are  situated  (u), 

lungs,  and  in  this  case  the  lungs  govern  the  circulation  of  their  blood 
according  to  their  own  states,  or  according  to  necessities;  in  short, 
they  govern  the  circumferences  from  the  innermost  parts.  (Ibid,,  p. 
194—197,  n.  408,  x,  y,  e.) 

(t)  The  veins  are  so  many  receptacles  of  the  blood ;  in  a  word, 
they  can  admit  and  retain  an  additional  and  larger  quantity  of  it. 
(Econ.  J.  jr.,  tr.  i.,  n.  190 — 198.)  This  is  particularly  the  case  with  the 
pulmonary  vessels,  according  to  the  experience  of  Malpighi,  who  ob- 
serves, that ''  when  a  ligature  is  put  upon  the  [frog's]  auricle  and  heart, 
and  the  motion  and  impulse  prevented  that  might  otherwise  be  com- 
municated by  the  heart  to  the  vessels,  still  the  blood  is  sent  by  the 
veins  towards  the  heart ;  .  .  .  and  this  lasts  for  several  hours."  (Part 
II.,  p.  197,  n.  408  (z)  ad  fin,)  The  same  thing  is  proved  by  the 
structure  of  the  pulmonary  vessels.  **  When  we  open  lengthwise  any 
portion  of  the  pulmonary  artery  and  vein,"  say  Winslow  and  Helvetius, 
'* .  .  .  we  meet  with  a  great  number  of  transverse  rugee,  which  are  ob- 
literated when  these  vessels  are  elongated."  (Ibid,,  p.  128,  n.  387.) 

(u)  There  are  as  many  centres  for  lustrating  the  blood,  as  there  are 
networks  and  cells ;  and  wherever  these  are  situated,  whether  in  the 
middle,  or  at  the  surface,  still  they  are  centres,  (n.  538 — 541.)  The 
power  that  the  lungs  possess  of  purifying  and  circulating  the  blood, 
resides  in  the  centres.  (Part  II.,  p.  194,  195,  n.  408,  and  the  notes.) 
This  is  also  plain  from  the  descriptions  of  anatomists,  as  from  the  fol- 
lowing by  Winslow,  which  is  the  only  one  that  I  shall  here  bring  for- 
ward :  "  All  the  bronchial  cells  [or  vesicles],"  says  he,  "  are  surrounded 
by  a  very  fine  reticular  texture,  consisting  of  the  small  extremities  of 
arteries  and  veins  which  communicate  every  way  with  each  other.  .  .  . 
The  ramifications  of  the  .  .  .  two  kinds  of  vessels  in  the  lungs  are  sur- 
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and  everywhere  puts  forth  little  branches ;  so  that  there  is  not 
a  point,  all  the  way  to  the  very  innermost,  in  which  purification 
is  not  carried  on  just  as  in  the  centres.  It  is  then  received  by 
the  eenlres,  turned  about,  and  dige$ted,  by  continual  processes 
of  expansion  and  constriction,  thus  of  agitation,  kneading,  and 
as  it  were  of  digestion  {x),  much  in  the  same  manner  as  in  the 
cells  of  the  spleen  :  it  is  discriminated  into  two  species,  one  of 
which  is  instantly  absorbed  by  the  veins,  or  is  immediately  trans- 
mitted into  them  by  the  arteries  through  continuous  branches, 
and  is  transferred  by  them  to  the  left  cavity  of  the  heart,  their 
ultimate  end ;  thus  the  finer  portion  is  chosen  out,  and  sent  forth 
for  use.  But  the  part  not  desred  by  the  veins,  because  still 
undigested  and  crude,  remains  in  the  trabecular  meshes  or 
cells,  uid  in  like  manner  as  the  fbrm^,  is  compressed,  worked 
about,  and  kneaded,  and  continually  applied  to  the  little  venous 
mouths,  in  order  that  if  anything  available  shall  have  been  dis- 
engaged firom  the  kneaded  mass,  it  may  be  imbibed ;  while  the 
more  volatile  part  mounts  all  the  way  to  the  surface  of  the  vis- 
cus,  and  is  applied  to  the  delicate  mouths  of  the  lymphatics ; 
thus  the  viler  portion  is  separated,  sent  away,  and  corrected  on 
the  VHJty  as  in  the  centres  [y).  And  this  very  humor,  thus  cor- 
rected, affords  moreover  this  use,  that  it  serves  as  a  vehicle  and 
menstruum  for  the  rest  of  the  blood,  which,  as  we  said  before;, 
is  to  be  derived,  and  has  been  derived,  into  that  cellular  and 
spongy  tissue  {z) :  thus  it  is  expended  tgnm  a  middle  use.  What 
remains  at  last  is  mere  baggage  and  dead  stuff;  this  is  wrung 
out  through  pores  and  openings  into  the  bronchia  and  trachea^ 
from  which  it  is  either  ejected  in  the  form  of  sputa,  or  carried 

roonded  everywhere  by  the  cellular  substance,  .  .  .  and  the  rete  mirabile 
of  Malpighi ...  is  formed  by  the  capillary  extremities  of  these  vessels." 
(IHd.,  p.  125,  126,  n.  387.)  See  also  Malpighi,  Ibid.,  p.  128— 
130,  n.  388. 

(;r)  On  this  subject  see  above,  notes  (m)  and  (n).  Respecting  the 
almost  similar  mode  of  purifying  the  blood  in  the  spleen,  see  Part  I., 
p.  344,  345,  n.  243 ;  p.  352,  353,  n.  246. 

(y)  The  reader  will  find  this  also  pointed  out  above,  notes  (I) 
and  (m). 

{s)  See  note  (o). 
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out  by  the  air  itself  impregnated  with  effete  vapors  (a).  Thus 
the  vendue  i$  successively  thrown  out.  For  the  sake  of  this  use^ 
the  lungs  are  furnished  with  their  cellular  and  reticular  texture ; 
and  for  the  sake  of  the  former  use^  with  their  bronchial  and 
vesicular  texture.    These  are  the  reasons  of  their  corrformaiion. 

544.  If  we  examine  the  stomach  according  to  the  same 
series  of  progression  of  causes^  or  if  we  trace  the  causes  conti- 
nuously, it  will  be  found  that  one  cause  succeeds  another  in  a 
similar  manner  and  order  to  the  above ;  wherefore,  for  the  sake 
of  confirmation,  it  will  be  well  to  run  over  this  field  also.  Food 
or  aliment,  dry  and  moist,  are  the  olgects  [of  the  function  of  the 
stomach,]  or  the  materials  out  of  which  \the  effects  are  produced], 
and  which,  as  we  all  know  full  well,  come  from  without;  for  they 
are  taken  by  the  mouth,  and  are  rolled  down  through  the  pha- 
rynx and  oesophagus  into  the  stomach,  and  so  are  carried  away 
by  distinct  paths  immediately  towards  the  common  centre,  (not  as 
in  other  organs  to  manifold  centres,)  and  at  the  same  time,  inas- 
much as  the  stomach  is  a  single  centre  and  great  cavity,  they 
are  collected  in  it  as  m  a  receptacle ;  and  still  more  manifestly  in 
ruminants,  which  besides  the  large  stomach,  penula  or  venter, 
have  also  the  reticulus,  the  cellular  chamber  or  omasus^  and  the 


(a)  See  note  (p).  This  latter  office  of  the  lungs  in  fine  concurs 
with  their  former  office  as  refectories  of  the  blood ;  for  the  aliments 
that  are  brought  by  the  air,  as  we  said  before,  are  eliminated  Into  the 
cells  through  the  foramina  of  the  bronchia,  and  commixed  with  the 
serum  thrown  out  from  the  blood  by  the  arteries,  in  order  that  the  two 
may  be  refined  and  lustrated  together :  wherefore  the  Malpighian  net- 
works are  intermediate  between  the  vesicles  and  the  cells  :  thus  after 
the  oommixtion,  the  two  [the  aerial  aliments  and  the  serum]  undergo 
the  same  process.  Hence  it  appears,  that  the  lungs  have  three  office 
assigned  them  ;  one  office,  to  excite  the  organs  of  the  body,  and  their 
energies,  by  respiration :  a  second,  to  recruit  the  blood,  and  raise  it  to 
arterial  splendor,  by  the  elements  or  aliments  that  the  air  carries  in 
with  it,  as  the  cutis  [recruits  the  blood]  by  the  insensible  transpiration: 
a  third,  to  lustrate  all  the  blood  of  the  body,  especially  in  the  matter 
of  its  chyle,  which  is  supplied  to  the  heart  by  the  liver  and  othar 
sources.  What  I  am  now  attempting  to  shew,  is,  that  these  three 
offices  are  instituted  according  to  the  same  general  law. 
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abomasus^  all  of  which  are  receptacles  (i) ;  from  which  the  sto- 
mach or  centre  supplies  Us  necessities.  As  this  alimentitious 
material  proceeds  to  its  stomach,  it  is  not  only  sipped  in  the 
first  instance  by  the  tongue,  the  throat,  and  the  oesophagus, 
and  examined  with  a  view  to  its  purer  parts,  which  are  immedi- 
ately imbibed  (c);  but  it  is  also  comminuted  by  the  teeth, 
kneaded  by  the  tongue,  and  besprinkled  with  saliva  {d) ;  thus 
it  is  excmined  and  prepared  on  the  way  to  the  centre ;  and  when 

(6)  Respecting  these  promptaary  stomachs,  see  Glisson  and  Schorig, 
Part  I.,  p.  118,  119,  n.  92,  93.  It  is  manifest  enough  that  the  stomach 
is  the  common  centre  into  which  the  food  passes  down  ;  but  I  have  also 
endeavored  to  shew,  that  it  consbts  of  innumerable  parts,  which  are 
to  be  likened  to  so  many  tittle  stomachs,  and  therefore  as  it  were  little 
centres,  and  which  examine  and  treat  the  minute  pieces  of  the  food  in 
the  same  manner  as  the  common  stomach  itself,  only  more  perfectly. 
(Part  I.,  p.  130,  131,  n.  101,  |}.)  Likewise  that  a  species  of  rumi- 
nation exists  in  the  stomach.  (Ibid,,  p.  137»  138,  n.  105,  /.)  In 
which  way  it  the  more  clearly  performs  the  office  of  a  receptacle  i  par- 
ticularly since  the  food  is  kept  in  it  for  a  considerable  time,  and  the 
chjtiferous  juices  are  drawn  forth  successively,  that  is  to  say,  are  taken 
out  according  to  necessity,  or  according  to  the  state  of  the  stomach. 
But  we  may  dismiss  this  subject,  since  it  is  sufficiently  plain  that  the 
stomach  is  the  receptacle  of  the  food. 

(c)  The  tongue  examines  the  food  taken,  and  even  commences  the 
function  of  the  stomach :  see  Part  I.,  p.  44,  45,  n.  42,  where  the 
following  words  occur :  "  The  glands  of  the  first  class,  named  glandulse 
fungosee  or  capitatse,  scattered  and  grouped  round  the  edges  and  over 
the  sur&ce  of  the  tongue,  are  the  organs  which  take  the  first  taste  of 
the  nutrient  essences  of  the  food,  imbibe  them  with  their  tittle  mouths, 
and  transmit  them  through  continuous  ducts  .  .  .  immediately  into  the 
blood  .  .  .  The  glands  of  the  second  class,  or  glandulse  semilenticulares, 
represent  the  same  as  the  .  .  .  glandulse  fungosse :  .  .  .  not  excreting 
sativa,  as  commonly  supposed,  but  drinking  the  first  extracts  and  occult 
essences  of  the  food,  .  .  .  and  satisfying  and  renovating  the  needy 
blood,  and  breaking  its  fast.  This  is  abundantly  proved  bj  a  multi- 
tude of  effects,"  &c. 

(d)  The  tongue  distributes  the  sativa ;  and  the  sativa  is  not  drawn 
from  glands  proper  to  the  tongue,  but  supptied  by  a  number  of  others. 
(Part  I.,  p.  39,  40,  n.  38,  m;  p.  81,  n.  70.)  Likewise  the  oesopha- 
gus, (Ibid.,  p.  98 — 100,  n.  81.)     From  which  it  is  plain,  that  an  action 
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it  is  received  therein^  it  is  worked  and  digested,  as  we  all  know, 
by  peristaltic  motions ;  and  it  is  equally  certain  that  the  purer 
essences,  converted  into  chyle,  and  separated  from  the  more 
feculent  parts,  are  sent  away  into  the  veins,  and  into  the  lac- 
teals  or  lymphatics  (e) ;  consequently,  that  they  are  rfwcrimt- 
natedy  and  then  the  finer  parts  are  chosen  out,  and  sent  forth  for 
the  common  use  of  the  body;  that  is  to  say,  for  nutrition: 
moreover,  that  the  imdigested  and  more  feculent,  or  viler  por~ 
tions,  are  separated  and  sent  away  through  the  pylorus  into  the 
intestines  (/) :  and  that  they  are  worked  and  digested  in  the 
intestines  in  the  same  manner  as  in  the  stomach  {ff) ;  or  are  pu^ 
rifled  on  the  way,  as  in  the  centre ;  the  part  that  then  seethes 
from  them,  is  derived  into  the  lacteals  and  veins,  that  it  like- 
wise may  serve  the  common  object  (A),   or  be  eoDpended  upon 

similar  to  that  in  the  centre  or  stomach,  exists  and  is  continued  on  the 
way  to  the  centre. 

(e)  The  stomach  transmits  the  chyle  into  veins  that  go  to  the  liver. 
(Ibid.,  p.  137,  138,  n.  105,  g.)  And  into  lymphatics,  to  go  to  the 
receptaculum  chyli.  (Ibid,,  p.  136,  137,  n.  105,  c,  d,  e.) 

(/)  The  stomach  rejects  only  the  cruder  parts  of  the  food  into  the 
intestines,  or  the  impurities  that  are  to  undergo  further  castigation  and 
digestion.  (Ibid,,  p.  138,  n.  105.)  Likewise  one  intestine  into  another. 
(Ibid.,  p.  160—162,  n.  126,  k,  l.)  In  the  aUmentary  canal,  from  the 
mouth,  through  the  oesophagus,  stomach  and  intestines,  to  the  rec- 
tum, all  operations  proceed  successively  according  to  the  articulations. 
(Ibid.) 

(g)  The  intestines  act  in  the  same  manner  as  the  stomach,  working 
and  digesting  the  food,  and  drawing  the  chyle  out  of  it,  and  are  as  it 
were  a  continued  stomach.  (Ibid,,  p.  157,  n.  124;  p.  158,  159,  n. 
125,  /,  g,h;  p.  161,  162,  n.  126,  k,  I.) 

(A)  It  is  well  known  that  the  intestines  throw  out  the  chyle  into 
the  lacteals  of  the  mesentery.  (See  Part  I.,  p.  171,  n.  131  (g)  ;  p. 
196,  n.  149;  p.  198,  n.  150.)  Respecting  the  function  in  this  kind 
of  each  intestine  specifically,  see  ibid.,  p.  173 — 185,  n.  134 — 140. 
It  may  also  be  seen  that  the  chyle  of  the  intestines  is  of  a  middle  use, 
and  that  the  chyle  of  the  stomach  conveyed  by  the  lacteals  to  the  recep- 
taculum chyli  and  the  liver,  is  primary  ;  not  only  because  the  former  is 
grosser,  and  less  suitable  to  the  blood,  than  the  chyle  that  is  copulated 
with  the  blood  in  the  glands  of  the  liver,  but  also  because  the  urinous 
serum  thrown  out  in  such  abundance  by  the  bladder,  comes  from  the 
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a  middle  use.  The  other  parts  are  rejected  as  fbces  into  the 
large  intestines^  where  again  a  similar  process  goes  on;  but 
those  parts  that  are  utterly  worthless  are  discharged  by  the  rec- 
tum {%},  or  in  the  words  of  the  proposition^  the  residue  is  throum 
out.  The  stomach  with  its  appendages  and  auxiliary  cavities  is 
£EU9hioned  to  produce  the  series  of  all  these  causes  and  effects ; 
wherefore  the  whole  ratio  of  its  composition  is  contained  in 
them. 

645.  But  let  us  close  this  first  division  by  an  examination  of 
the  HEART  in  the  same  series  of  progression  of  causes ;  which^ 
namely,  the  hearty  like  the  stomach,  is  a  single  cavity,  or  com- 
mon centre,  that  has  ministering  viscera  connected  to  it,  that 
institute  this  series  of  operations  conjointly  with  it,  as  their 
common  centre :  in  the  same  manner  as  the  oesophagus  above, 
and  the  intestines  below,  are  adjoined  to  the  stomach,  as  ap- 
pendages, so  the  lungs  above,  and  the  liver  below,  are  adjoined 
to  the  heart ;  the  pancreas,  the  spleen,  and  the  omentum  being 
adjoined  to  the  liver  again,  as  ministers.  The  object  of  the  heart, 
or  the  material  out  of  which  the  body  is  nourished,  or  by  means 
qf  which  the  circulation  is  carried  on,  is  the  blood,  which  the 
heart  purifies  in  its  circle,  and  prepares  for  future  uses.  We  all 
know  that  this  material,  I  mean  the  mass  of  the  blood,  comes 
from  without,  namely,  from  all  the  viscera  of  the  thorax  and 
abdomen,  and  from  their  innermost,  that  is,  ultimate  and  ex- 
treme parts,  wherever  any  little  venous  mouth  opens ;  or  else 
from  the  whole  cuticular  circumference,  or  from  the  outermost, 
that  is  again,  from  the  ultimate  and  extreme  parts.  This  blood 
is  immediately  carried  away  by  distinct  paths,  or  by  the  veins, 
towards  this  the  common  cardiac  centre;  but  immediately  by 
those  that  run  over  the  surfaces  of  the  vena  cava  and  right  auri- 
cle of  the  heart,  and  pass  into  its  auricular  sinus  by  peculiar 
entrances  [k).    And  at  the  same  time  it  is  collected  in  a  receptacle, 

intestinular  chyle  principally.  It  serves  the  blood  as  a  vehicle.  (Econ. 
A.  E.,  tr.  i.,  n.  49.) 

(t)  See  Part  I.,  p.  183—185,  n.  139,    140. 

(k)  The  reader  will  find  these  vessels  treated  of  in  my  Econ,  A.  JT. 
tr.  i.,  n.  428 — 430.  They  are  there  termed  auricular  vessels,  and 
seem  to  correspond  to  the  bronchial  arteries  in  the  lungs,  and  to  the 
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or  in  the  vena  cava^  which  forms  a  receptacle  to  the  right  au- 
ricle of  the  heart;  besides  which,  all  the  other  veins  are  so 
many  receptacles  and  storehouses  (/) ;  from  which  the  heart,  or 
this  centre  supplies  Us  necessities,  in  exact  accordance  to  the  law 
of  use  and  want  (m).  This  blood  is  purified  and  prepared  on  the 
way  to  the  centre  or  heart,  by  the  liver,  which  is  as  it  were  the 
gate  for  the  veins  of  the  abdomen  to  the  inferior  vena  cava  (n). 
It  is  then  received  by  the  heart,  is  worked  about  by  its  motions, 
or  systole  and  diastole,  and  is  next  thrown  through  the  pulmo- 
nary artery  into  the  lungs,  as  the  great  capsules  and  appen- 
dages of  the  heart  (o) ;  where  it  is  digested,  discriminated  into 

hepatic  arteries  in  the  liver.  They  appear  to  be  analogous  to  those 
arteries  in  function  and  use,  and  like  them  to  go  in  by  a  short  cut,  and 
immediately.  Consequently  these  vessels  should  be  distinguished  from 
the  common  vessels,  or  the  true  veins ;  as  also  should  the  coronary 
vessels,  of  which  we  shall  speak  presently. 

(I)  The  veins  are  receptacles.  (Fcon,  A.  K,,  tr.  i.,  n.  190 — 198, 
and  Animal  Kinffdom,  n.  543,  t,)  Also  the  right  auricle  of  the  heart. 
(Econ.  A.  K.,  tr.  i.,  n.  514,  519,  538—544,  569.)  The  auricle  may 
vibrate  several  times  while  the  ventricle  vibrates  once.  (Ibid,,  n.  519.) 
The  ratio  of  the  vena  cava  to  the  auricle  is  as  that  of  the  auricle  to  the 
ventricle.  (Ibid.,  n.  520—523,  526  ;  also  n.  527,  529.) 

(m)  The  cause  of  the  heart's  action  is  the  pressure  of  the  blood  of 
the  two  venae  cavae  ;  and  the  blood  does  not  flow  in  according  to  the 
quantity  in  the  venae  cavae,  but  what  is  necessary  is  taken  out  from 
them  as  receptacles.  (Part  I.,  p.  337,  338,  n.  239;  p.  350,  351, 
n.  245  (d) ;  p.  359,  n.  248 ;  Part  II.,  p.  245—247,  n.  425  (x) ; 
Econ.  A.  K.,  tr.  i.,  n.  514—544.) 

(it)  As  shewn  above  in  speaking  of  the  liver  (n.  542)  ;  for  all  the 
vessels  that  flow  into  the  liver  from  the  stomach,  intestines,  mesentery, 
pancreas,  spleen,  omentum,  diaphragm,  and  peritonaeum,  are  veins 
and  not  arteries.  It  was  pointed  out  before,  that  the  oflice  of  the  liver 
consists  in  lustrating  the  blood  and  chyle  received,  and  preparing  them 
for  the  heart. 

(o)  The  lungs  are  appendages  and  capsules  of  the  heart,  and  purify 
the  blood  sent  in  by  the  heart,  (n.  543;  and  Part  II.,  p.  194 — 197, 
n.  408  (ar,  y,  z) ;  p.  235,  n.  423 ;  p.  335—338,  n.  457.)  This  is 
clear  from  the  production  of  the  pericardium,  which  envelops  all  the 
vessels  of  the  lungs,  as  the  o^sule  of  Glisson  envelops  the  vessels  of 
the  liver,  &c. 

LL  2 
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parts,  and  the  finer  portion  of  it  chosen  out,  and  sent  forth  for 
use  into  the  left  cavity  of  the  heart ;  btU  the  viler  portion  is  sepa- 
rated,  sent  away,  corrected  on  the  way  as  in  the  centres,  and  ex- 
pended upon  some  middle  use ;  and  the  residue,  which  is  worthless, 
is  thrown  out  [p).  This  takes  place  in  the  lungs.  But  besides 
this,  the  heart  itself  is  an  organ  for  preparing  liquids  for  the 
composition  of  the  blood  (g) ;  and  at  the  same  time  is  the  be- 
ginning of  the  circulation  of  the  blood :  for  the  blood  is  not 
only  worked  about  and  digested  in  the  heart,  but  also  discrimi- 
nated into  parts ;  in  short,  the  purer  essence  is  driven  out  into 
the  coronary  vessels  (r) ;  and  the  grosser  is  sent  away  into  the 
lungs.  The  part  that  was  transmitted  into  the  coronary  vessels, 
flows  out  into  the  beginning  of  the  aorta,  and  so  into  the 
aorta  [s) ;  consequently,  the  finer  portion  is  chosen  out  by  the 
heart,  and  sent  forth  for  use ;  but  the  viler  portion  is  separated, 
and  sent  away  into  the  lungs,  and  poured  back  by  them  into  the 
left  chamber  of  the  heart.  After  this  blood  is  thrown  out  by 
this  chamber  of  the  heart  into  the  aorta,  and  as  it  runs  down 
along  the  arteries,  throughout,  on  the  way,  it  is  compressed, 
teazed,  and  corrected  in  the  same  manner  as  in  the  centre,  or 
hearty  for  there  is  a  likeness  of  the  heart's  action  in  every  point 


(p)  As  proved  above,  n.  542,  in  the  description  given  of  this  pro- 
cess in  the  liver ;  for  these  operations  are  carried  on  in  the  same  manner 
in  the  lungs. 

(q)  The  heart  is  a  chemical  organ,  preparing  liquids  for  the  com- 
position of  the  blood.  (Econ.  J,  K,,  tr.  i.,  n.  453—457.) 

(r)  See  this  proved  by  many  considerations  in  Eeon,  A,  JT.,  tr.  i., 
n.  454,  455,  &c. 

(«)  The  coronary  vessels  of  the  heart  do  not  arise  from  the  aorta. 
(Econ.  A,  jr.,  tr.  i.,  n.  399 — 402.)  But  [the  coronary  blood  runs]  from 
the  heart  through  the  lacunae.  (Ibid.,  n.  403,  405.)  And  through  the 
moving  fibres  into  the  coronary  vessels ;  and  is  the  finer  essence  of  the 
blood.  (Ibid.,  n.  404 — 407,  n.  453—457.)  From  the  coronary  ves- 
sels into  the  aorta.  (Ibid.,  n.  415,  416.)  These  vessels  depend  upon 
the  action  of  the  heart.  (Ibid.,  n.  418,  419.)  They  are  the  veins  of 
the  heart.  (Ibid.,  n.  421,  422,  459.)  Hence  they  are  on  the  same 
principle  as  the  bronchial  vein  in  the  lungs,  and  the  hepatic  vein  in  the 
liver. 
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of  an  artery  {t) :  and  wherever  an  artery  goes,  its  blood  is  sent 
away  to  the  adjacent  and  neighboring  viscera,  in  order  to  per- 
form useful  service;  thus  it  is  ea^pended  upon  a  middle  use  (u). 
The  part  of  the  blood  that  has  done  its  work,  or  is  antiquated 
and  useless,  is  conveyed  to  the  kidneys,  and  by  them  to  the 
ureters  and  bladder,  from  which  it  is  thrown  out  through  the 
urethra  in  the  form  of  urine ;  or  else  to  the  ultimate  pores  of 
the  skin,  to  be  eliminated  in  the  form  of  sweat ;  in  this  manner 
the  residue,  which  is  worthless,  is  thrown  out.  These  are  the 
reasons  of  the  composition  of  the  heart ;  of  its  position  imder 
the  lungs ;  of  its  connexion  with  the  lungs  by  the  vessels  and 
the  pericardium ;  with  the  liver  and  the  other  viscera,  by  the 
veins  and  the  diaphragm;  and  with  all  parts  by  continuous 
vessels :  for  since  the  heart  is  a  common  centre,  the  ratio  of  its 
composition  must  be  sought  not  only  from  its  own  form,  but 
also,  in  the  complex,  from  the  common  form  of  the  whole  body ; 
consequently  from  its  connexion  with  all  those  viscera  that 
attend  upon  it,  and  to  which  it  is  itself  of  service. 

546.  In  the  cerebrum  again  causes  proceed  through  the 
same  series  as  in  the  fabrics  and  organs  of  the  body  already 
spoken  of,  and  which  formed  the  first  division  of  our  subject. 
But  the  offices  of  the  cerebrum  consist  in  generating,  bringing 
forth,  putting  in  circulation,  and  purifying,  the  spirit  of  the 
blood,  and  thus  maintaining  the  labors  and  lives  of  all  the  vis- 
cera of  the  body :  also  in  receiving  sensations  from  the  organs 
of  the  body,  and  conducting  them  to  the  innermost  sensorium ; 
and  carrying  into  eflFect  the  actions  that  are  intended  there  (x). 
With  respect  to  its  first  office,  or  the  generation  of  the  spirits, 
which  is  carried  on  in  its  cortical  glands  (y),  it  is  evident  that 


(t)  In  every  point  of  an  artery  there  is  a  likeness  of  the  actioa  of 
the  heart.  (Econ.  A.  K.,  tr.,  i.,  n.  507,  570.) 

(u)  Whatever  the  blood  affords,  is  but  a  middle  use ;  an  ulterior 
end,  for  which  the  blood  exists,  is  always  kept  in  view.  (Part  I.,  p. 
377,  378,  n.  260  (n,  o) ;  Part  II.,  p.  361—366,  n.  464—466.) 

(x)  It  will  be  shewn  in  the  next  Part,  in  treating  of  the  Cerebrum, 
that  these  are  its  primary  offices.  The  cerebrum  acts  as  a  sensorium 
(n.  468,  528). 

(y)  See  above,  n.  507,  and  Econ,  A.  K,  tr.  ii.,  n.  165—168. 
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the  olffect  or  material  out  of  which  or  by  means  of  which  [the 
spirits  are  generated]^  comes  from  without;  I  meaiiy  that  most 
fine  embodiment  or  bond  that  is  to  serve  for  preparing  that 
spirit ;  it  comes^  namely^  from  the  subtlest  pores  of  the  cuticle, 
through  what  I  have  above  denominated  the  corporeal  fibres  (;r); 
and  also  through  the  arteries,  which  run  in  multitudes  to  the 
cortical  glands  of  the  cerebrum,  and  connect  themselves  by 
their  extremities  thereto  (a);  consequently,  from  without;  for 
whatever  is  in  the  body  is  extraneous  to  the  cerebrum.  These 
principles  or  centres,  which  are  the  cortical  spherules,  are  the 
innermost  of  all,  because  the  highest ;  wherefore  they  regard 
the  arteries  that  go  to  them,  and  the  proper  fibres  of  the  body, 
as  extraneous  to  themselves ;  consequently  this  material  is  car- 
ried  away  immediately  by  distinct  paths  towards  the  centres. 
The  blood  abounding  in  spirit  is  also  collected  in  divers  places 
within  the  medullary  portion  of  the  cerebrum,  and  close  under 
the  cortical  layers,  in  great  numbers  of  diverticula  and  recepta- 
cles ;  in  order  that  it  may  be  ready  to  flow  in  according  to  every 

(z)  This  most  subtle  matter  is  insinuated  and  drawn  up  towards 
the  cortex  cerebri  through  the  cuticular  pores  of  the  first  kind,  and 
through  the  very  minute  vessels  continued  from  them,  that  is,  through 
the  corporeal  fibres,  which  construct  the  innermost  coats  of  the  arteries. 
(See  above,  n.  504,  507,  509.) 

(a)  The  arterial  twigs  apply  themselves  to  the  cortical  substances, 
and  pour  into  them  the  spirit  of  their  blood.  (Econ.  A,  JT.,  tr.  ii., 
n.  117—127.)  This  will  be  further  proved  in  the  Analysis  of  the 
Cerebrum.  In  these  respects  there  appears  to  be  a  parallel  between  the 
cerebrum  and  the  organs  and  viscera  of  the  body  ;  for  that  most  fine 
vessel  termed  a  corporeal  fibre,  and  conveyed  to  the  cortical  substances 
of  the  cerebrum,  is  analogous  to  the  bronchial  artery,  which  is  carried 
immediately  to  the  cells  of  the  lungs  ;  and  to  the  hepatic  artery,  which 
passes  immediately  to  the  glands  of  the  liver.  But  the  arterbl  twigs 
that  are  connected  to  the  glands  of  the  cerebrum,  and  put  into  them 
the  spirit  of  their  blood,  are  like  the  pulmonary  arteries  in  the  lungs, 
and  the  portal  vessels  in  the  hver,  which  form  receptades,  or  are 
brought  from  receptacles  :  so  that  when  a  comparison  is  instituted,  the 
one  is  easily  recognized  in  the  other.  The  cerebrum  demands  back  the 
spirit  from  the  blood,  and  transmits  it  into  the  fibres.  (Part  I.,  p.  213, 
n.  162  (a)  ;  p.  237,  n.  181  ;  p.  348,  n.  245,  y.) 
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intimation^  necessity^  state^  and  operation  of  the  mind^  (as  will 
be  seen  from  the  anatomy  of  the  cerebrum) ;  thus  it  is  at  the 
mane  time  collected  in  a  receptacle,  or  in  receptacles,  tJuit  the 
centres,  or  cortical  glands,  may  constantly  supply  their  necessities 
therrfrom.  The  blood  itself,  and  its  spirit,  are  purified  through- 
out in  the  ascent  towards  these  supreme  organs  and  sensoria ; 
the  recrementitious  portion  being  so  completely  carried  off  by 
innumerable  glands  on  the  way,  for  instance,  by  the  oesopha- 
geal, tracheal,  pharyngeal,  palatine,  maxillary,  parotid,  and 
other  salivary  glands,  that  none  but  the  blood  of  the  most  re- 
fined kind,  and  the  purer  blood,  enters  the  cranium ;  as  shewn 
by  the  very  nature  of  that  blood  when  explored  even  chemically 
by  anatomists  {b) ;  wherefore  the  blood  is  examined  and  prepared 
an  the  way  to  the  centres.  Afterwards  its  spirit  or  lymph,  which 
is  also  called  the  colorless  blood,  is  carried  into  the  glands  as  its 
little  laboratories,  and  shaken  about,  mixed  up,  and  prepared 
for  its  uses  in  them,  as  is  the  red  blood  in  the  cells  of  the 
lungs,  or  in  the  glands  of  the  liver;  that  is  to  say,  by  the  al- 
ternate expansions  and  constrictions,  or  animations,  of  the  cere- 
brum, or  of  its  organic,  that  is,  cortical  principles  (c) ;  and 
thus,  when  it  is  received  by  the  centres,  it  is  worked  about  and 
digested  therein.  At  the  same  time  again,  as  in  other  parts,  it 
is  divided  into  two  species ;  into  a  finer  species  that  is  trans- 
mitted through  the  fibres  in  all  directions  into  the  regions  and 
members  of  the  body ;  namely,  into  the  muscles  and  the  organs 
of  the  senses ;  thus  into  the  one  and  the  other  for  the  common 
service  of  all  parts;  consequently,  according  to  the  proposed 
law  of  order,  it  is  discriminated  into  parts,  and  then  the  finer 
portion  is  chosen  out,  and  sent  forth  for  use.    But  the  species  of 

(b)  The  blood  that  is  about  to  ascend  to  the  cerebrum,  is  purified 
by  the  extraction  of  the  saliva  by  the  salivary  glands.  (See  Part  I., 
p.  85,  n.  72,  n ;  and  the  following  pages,  where  I  propose  to  treat  of 
the  external  Senses  of  the  Head.)  The  cerebrum  attracts  the  finer 
blood.  (Ibid.,  p.  337,  338,  n.  239 ;  and  Econ.  A.  K.,  tr.  ii.,  n. 
125—127.) 

(c)  The  animatory  motion  of  the  cerebrum  takes  its  rise  in  these 
its  glands,  and  the  whole  cerebrum  is  carried  into  motion  1^  them,  as 
the  lungs  by  their  vesicles;  and  these  glands  are  like  little  hearts. 
(Ibid.,  tr.  ii.,  n.  132—142.) 
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a  lower  character  is  derived  towards  the  chemical  organs  of  the 
cerebrum ;  namely,  to  the  lateral  and  third  ventricles,  the  in- 
fondibulum,  and  the  pitoitary  gland ;  and  wherever  it  goes^  it 
is  corrected  and  purified  in  the  same  manner  as  in  the  princi- 
ples ;  according  to  what  will  be  proved  in  the  Analysis  of  the 
Cerebrum ;  thus  the  viler  portion  is  separated,  sent  away,  and 
purified  on  the  way,  as  in  the  centres.  But  what  is  brought  forth 
by  these  chemical  members  of  the  cerebrum^  is  poured  into  the 
extreme  receptacles  of  the  lateral  sinuses,  namely,  the  jugular 
veins,  to  serve  as  a  medium  for  copulating  the  spirit  with  the 
chyle  (d) ;  and  so  be  of  manifold  use ;  thus  it  is  expended  upon 
a  middle  use.  But  the  rest,  or  the  perfectly  dead  portion,  ex- 
hales in  immense  quantity  through  the  cuticular  pores,  as  the 
Sanctorian  perspiration  teaches  (e) ;  wherefore  tJie  residue,  that 
is  worthless,  is  thrown  out.  This  is  the  reason  of  the  cofrforma- 
turn  of  the  cerebrum  to  the  sensorial  and  motorial  organs  of  its 
body,  and  especially  to  the  papillary  organ  of  the  cutis,  which 
affords  the  cerebrum  the  most  marked  assistance  in  this  its 
function. 

547.  But  this  same  progressive  series  of  causes  is  conspi- 
cuous not  only  in  this  office  of  the  cerebrum,  I  mean,  in  its 
chemical  office  of  preparing  an  essence  more  universal  than  the 
blood,  namely,  what  is  termed  the  animal  spirit ;  but  it  is  also 
evident  in  its  second,  or  sensorial  and  motorial  office.  For 
as  the  sensorial  and  motorial  organs  act,  so  the  sensations  and 
motions  that  result  from  them  are  exhibited :  the  one  conforms 
to  the  other,  as  predicate  to  subject,  accident  to  its  substance, 
or  mode  to  its  forces.  But  to  come  to  the  point.  Every  object, 
or  all  the  material  out  of  which  and  by  means  of  which  [the  effect 

(d)  This  lymph  serves  as  a  link  or  bond  of  union,  to  enable  the 
spirit  to  be  married  to  the  chyle,  and  the  generation  of  the  blood  to  go 
on.  (Part  I.,  p.  214,  215,  n.  162,  e,  /,  ^.)  For  this  end,  the  lymph 
of  the  cerebrum,  full  of  spirit,  meets  with  the  lymph  and  chyle  of 
the  body  carried  up  by  the  thoracic  duct,  in  the  subclavian  vein. 
(Ibid.,  p.  252,  n.  1 90.)  But  of  these  subjects  I  shall  treat  professedly 
in  the  Analysis  of  the  Cerebrum. 

(e)  The  riler  parts  of  the  purer  blood,  or  lymph,  which  pertains  to 
the  animal  spirit,  are  thrown  out  by  the  Sanctorian  perspiration,  and 
not  the  viler  parts  of  the  red  blood  (n.  510). 
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is  prodtused],  comes  from  without;  in  other  words,  whatever  is 
to  produce  any  sense  in  the  sensorial  organs,  flows  in  fipom 
without  j  for  instance,  images  flow  from  without  into  the  eye, 
whence  sight ;  sounds  and  tones  into  the  ear,  whence  hearing ; 
subtle  halitus  into  the  nares,  whence  smelling;  alimentitious 
particles  to  the  tongue,  whence  taste ;  and  more  considerable 
impulsions  to  the  cuticle,  whence  touch.  These  are  carried 
away  by  distinct  paths  towards  the  centres;  namely,  by  the  sen- 
sorial fibres,  as  of  the  olfactory,  optic,  and  auditory  nerves,  all 
the  way  to  the  cortical  substances,  the  ultimate  boundaries  of 
the  fibres  (/),  or  the  veriest  centres.  Certain  species  of  sensa- 
tions are  raised  and  penetrate  immediately  to  their  innermost 
recesses  {g) ;  but  certain  others  betake  themselves  into  the 
memory,  as  into  a  kind  of  receptacle ;  agreeably  to  the  propo- 
sition, that  they  are  at  the  same  time  collected  in  a  receptacle ; 
the  images  are  not  only  laid  up  in  this  receptacle  of  the  me- 
mory, but  they  are  also  called  forth  from  it  for  every  use ;  so 
that  the  centres,  or  the  cortical  substances  with  their  principles, 
which  jointly  constitute  the  common  sensorium,  and  include  the 
innermost  sensorium,  constantly  supply  their  necessities  there- 
from.  These  objects  are  purified  on  the  way;  as  is  plainly 
shewn  not  only  in  the  objects  of  hearing,  which  as  they  ascend, 

(/)  The  cortical  substances  are  the  ultimate  boundaries  of  the 
fibres,  and  consequently  the  ends  whither  the  sensorial  modifications 
mount ;  and  taken  collectively,  therefore,  constitute  our  common,  and 
include  our  innermost  sensorium.  (n.  528,  f  529,  A,  «.) 

{g)  We  shall  have  occasion  to  remark  in  the  course  of  our  analytic 
investigation  of  the  external  senses,  that  certain  species  of  sensations 
go  immediately  towards  the  innermost  sphere,  and  are  not  laid  up  at 
all  in  the  memory  as  a  receptacle ;  for  they  do  not  form  ideas  of  the 
nature  of  visual  ideas.  They  are  analogous  to  those  arteries  mentioned 
above,  as  existing  in  the  liver,  the  lungs,  and  the  cerebrum,  and 
which  run  in  immediately  towards  the  glands,  without  insinuating 
themselves  into  a  receptacle.  At  first  sight,  indeed,  the  comparison  may 
appear  far-fetched,  and  perhaps  abstruse ;  yet  the  same  order  prevails 
everywhere  between  subjects  as  between  predicates,  as  we  said  before, 
and  hence  the  third  term  in  the  comparison  cannot  fail  to  ofifer  itself 
also  by  a  species  of  representation ;  especially  when  we  abstract  our 
ideas  from  subjects,  and  attach  them  to  the  operations  of  subjects. 
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and  before  they  enter  very  far,  put  on  a  form  like  that  of  the 
images  of  sight ;  but  also  in  the  objects  of  sight,  which  when 
they  are  called  forth  from  the  storehouse  of  the  memory,  and 
raised  to  a  higher  point,  put  off  the  material  form,  and  put  on 
a  kind  of  immaterial  form,  that  so  images  may  be  transmuted 
into  intellectual  ideas ;  thus  according  to  the  law,  the  objects 
are  examined  and  prepared  on  the  way  to  the  centres.  They  are 
then  received  by  the  centres,  and  taken  into  the  sphere  of  the 
thoughts,  where  they  are  turned  about,  that  is,  discussed  in 
various  ways,  or  digested.  Afterwards,  when  so  discussed,  they 
are  discriminated  into  two  species,  of  which  one,  as  being  the 
finer,  is  chosen  out,  and  put  forth  for  use;  in  other  words,  what 
is  considered  and  chosen  as  a  good,  is  determined  by  the  will 
into  act,  that  it  may  be  of  use :  but  the  viler  species  is  separated 
and  sent  away ;  that,  namely,  which  is  to  be  likened  to  evil 
that  yet  has  something  of  good  in  it,  and  which  therefore  is  not 
rejected,  but  has  to  be  discussed  and  expurgated  before  it  is  re- 
mitted into  the  society  of  good :  thus  it  is  purified  on  the  way 
as  in  the  centres ;  in  fact,  in  order  that  it  may  serve  the  final 
cause  as  a  medium,  it  is  expended  upon  some  use.  When  it  is 
purified,  what  remains  is  accounted  so  vile  that  it  is  utterly 
rejected ;  for  were  it  admitted  to  fellowship  with  good,  it  would 
absolutely  contaminate  it,  and  destroy  the  progressive  series  of 
ends  and  means ;  this  is  called  evil ;  thus  the  residue,  which  is 
worthless,  is  thrown  out.  For  everything  that  is  turned  over 
and  considered  in  the  sphere  of  the  intellect,  has  respect  to 
nothing  but  truth  and  falsity,  and  these  again  to  good  and  evil. 
What  appears  the  best  \a  always  chosen,  and  what  appears  the 
worst  is  rejected;  but  what  is  intermediate,  and  about  which 
we  are  still  in  doubt,  is  further  discussed,  and  for  the  most  part 
is  assumed  as  a  means  of  eliciting  first  truth  and  then  good ; 
the  truth  and  good  brought  out  by  it  are  associated  with  the 
former  truth  and  good,  but  the  remainder  is  condemned  and 
thrown  out,  as  dross  from  which  the  gold  has  been  extracted. 
Such  is  the  infiux  of  sensations  into  our  intellect ;  such  is  the 
treatment  of  those  that  fi,ow  m ;  and  such  the  influx  of  the  will 
into  actions :  or  tf  influx  is  predicated  of  sensations,  efflux  must  be 
predicated  respectively  of  actions.  But  how  this  universal  series 
of  sensations  is  circumstanced,  in  all  its  amazing  extent, — of 


Digitized  by  VjOOQ IC 


ORGANIC  FORMS  GENERALLY.  523 

this  we  must  be  instructed  by  the  sensoria ;  in  the  first  instance 
by  the  external  sensoria,  or  those  of  the  body,  and  afterwards 
by  the  internal  sensoria,  or  those  of  the  cerebrum,  to  which  let 
us  now  proceed  forthwith.  I  have  felt  it  my  duty  to  bring  to- 
gether in  one  place  these  considerations,  derived  from  the  in- 
vestigations into  the  viscera  of  the  body  that  we  have  already 
instituted  and  completed,  on  the  threshold  to  the  exploration  of 
the  organs  of  the  senses ;  lest  without  some  common  mirror,  we 
should  wander  in  uncertainty  through  labyrinths  of  varieties, 
which  are  as  infinite  as  the  diversities  of  uses  and  ends. 
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548.  In  the  papillary  organ  of  the  ctUis,  as  in  a  mirror,  toe 
may  contemplate  the  sense  of  touch,  and  see  the  nahsre  of  that 
sense ;  and  vice  versd :  the  one  being  exactly  represented  in  the 
other;  for  the  fibres  are  put  together  and  the  form  conceived 
with  reference  to  every  kind  of  variety  and  idea  of  use ;  as  the 
papillary  form  with  reference  to  touch  (n.  531).  In  order  to  the 
existence  of  a  sensorium  that  can  apprehend  the  several  varieties 
of  an  object  with  their  differences  and  distinctions^  the  fibres 
must  be  disposed  into  an  organic  form  (n.  531).  By  a  similar 
contemplation  of  the  one  thing  in  the  other,  [that  is  to  say,  of 
the  sense  in  the  organ,]  we  are  instructed  respecting  the  rest 
of  the  senses.  Thus,  by  the  papillary  surface  of  the  tongue  we 
are  instructed  respecting  taste ;  by  the  papillary  surface  of  the 
nares,  respecting  smell ;  by  the  sonorous  tympana  and  laminae 
of  the  ears,  respecting  hearing ;  and  by  the  construction  of  the 
two  chambers  of  the  eye,  respecting  sight :  for  wherever  there 
is  a  sense,  there  is  a  sensorium  also ;  wherever  there  is  a  force 
and  modification,  there  is  a  substance  also ;  in  short,  wherever 
there  are  accidents,  there  are  subjects  also  :  the  one  thing  flows 
from  the  other,  as  something  firom  something.  And  thus  firom 
the  organic  fabrics  themselves,  when  anatomically  unfolded  into 
their  parts,  and  examined  scientifically,  we  may  conclude,  not 
conjecturally  but  certainly,  respecting  the  offices  that  are  per- 
formed (A). 

(A)  I  have  very  frequently  endeavored  to  shew,  that  a  diligent  ana- 
tomical investigation^  penetrating  down  to  parts,  and  connexions  of 
parts,  has  the  especial  result,  of  enabling  us  to  search  out  thence,  and 
survey  as  in  a  mirror,  the  uses  of  the  \iscera.     (See  Part  I.,  p.  33, 
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549.  We  tee  fr(m  this  papillary  organ,  that  the  papUUB  that 
rise  through  the  foramina  of  the  corpus  reticulare,  represent  the 
unities  of  our  touch  ;  and  that  by  the  mutual  apposition  of  these 
unities,  and  their  orderly  association,  an  organic  form  is  produced, 
which  is  the  organ,  or  as  it  is  commonly  called,  the  sensorium  of 
touch.  The  scales  of  the  epidermis  regulate  and  temper  the  sense 
to  suit  every  use  that  can  possibly  be  intended  in  these  extremes. 
Every  viscus  and  organ  has  its  proper  unities  (n.  532) ;  which 
are  either  glands,  or  cells,  or  fibres  of  some  kind,  or  papillae 
(n.  538).  These  unities  are  the  essential  determinations  that 
construct  the  form  of  the  whole,  or  the  common  form  (n.  539) ; 
for  compounds  are  aggregates  of  unities  (n.  541).  In  the  skin, 
the  corpus  reticulare  collects  the  papillae  that  would  otherwise 
fall  asunder  and  be  scattered,  bridges  them  over,  gives  them 
distinctness,  reduces  them  to  form :  thus  causes  everything  to 
refer  itself  to  a  general  (n.  499).  The  scale  of  the  epidermis 
puts  together  the  indi\ddual  modes  of  sensation  proper  to  the 
papillae,  into  a  kind  of  common  mode  that  is  termed  the  sense 
of  touch ;  and  regulates,  sharpens,  and  blunts  this  sense,  so  as 
exactly  to  produce  the  varieties  that  nature  requires  of  it  in  the 
different  parts  of  the  body  (n.  494).  To  which  we  may  add, 
that  the  scale  blunts  the  sharpness  of  the  sense,  and  so  miti- 
gates its  poignancy  as  to  convert  it  into  titillation;  thereby 
changing  pain  into  pleasure :  for  itself  devoid  of  feeling,  it  en- 
ables the  organ  to  feel  according  to  the  softness  of  the  surface 
that  it  applies  to  the  organ :  but  where  it  dips  down  into  the 
furrows,  and  is  more  thin,  there  the  sense  is  sharp  again. 

550.  From  these  considerations  it  appears,  that  touch  is  the 
most  obtuse  and  indistinct  of  all  the  senses ;  and  more  obtuse  and 
indistinct  in  proportion  as  a  larger  number  of  papilke  is  pressed, 
or  affected,  at  the  same  time.  Organic  forms  are  perfect  in  pro- 
portion to  the  simpUdty  of  the  forms  that  they  commence  from, 
and  which  are  their  unities  (n.  532).     Thus  we  are  to  judge 

34,  n.  32  (d) ;  p.  341,  n.  241 ;  p.  377,  378,  n.  260  (n,  o) ;  p.  379— 
381,  n.  260  (*);  p.  430,  431,  n.  286  (g)  :  Part  II.,  p.  141,  n.  393  ; 
p.  361 — 366,  n.  464—466,  and  the  notes.)  For  all  causes  flow  ac- 
cording to  the  nexus  of  substances :  predicates  and  accidents  must  flow 
from  substances  as  their  subjects. 
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firom  unities  of  the  perfection  and  acumen  of  aensations ;  in 
other  words^  firom  differences^  which  are  equivalent  to  unities. 
The  unities  of  the  sensorium  of  touchy  which  are  papill»^  again 
associate^  and  place  themselves  under  scales^  which  compact 
these  papillse^  or  a  number  of  them,  into  a  new  and  therefore 
compound  unity  (n.  533,  549).  The  relation  of  discriminations 
perishes  and  is  in  a  manner  confounded  in  the  compound ;  as 
for  instance,  in  everything  simultaneous,  and  in  every  continu- 
ous quantity ;  succession  and  separation  [dUcrettm]  are  neces- 
sary conditions  in  order  that  individual  things  may  appear 
distinctly.  The  melody  of  a  song  is  distinct  when  the  notes 
succeed  each  other  in  becoming  order;  and  the  more  so  when 
many  accordant  notes  follow  in  series :  but  if  these  were  com- 
pounded into  one,  there  would  be  no  pleasing  result,  except  it 
were  caught  by  anticipation  firom  the  idea  of  successivity.  In 
conversation  likewise,  we  have  a  distinct  perception  of  the  sub- 
ject, when  one  sentence  falls  cleverly  into  another,  as  [in  the 
other  case]  we  have  a  distinct  sensation  of  the  divisions  of 
sound.  The  eye  sees  more  acutely  when  it  is  fixed  on  any 
point  of  an  object,  than  when  it  is  diffused  over  the  whole ; 
and  indeed  the  microscope  presents  the  surface  of  an  object 
more  distinctly  if  a  small  portion  only  of  such  surface  be  placed 
in  its  field.  The  same  rule  obtains  in  other  cases ;  for  all  dis- 
tinctness perishes  in  an  indiscriminate  heap  and  multitude  of 
things  (t).  Precisely  so  it  is  with  the  little  sensoria  of  touch 
compacted  together  imder  the  scales  of  the  epidermis :  a  limited 
number  of  papillae,  that  is  to  say,  a  few,  not  only  distinguish  a 
fine  thread  of  wool,  but  even  whether  it  be  rough  or  smooth ; 
while  many  together,  (for  instance,  if  we  feel  the  object  with 
the  palm  of  the  hand,)  scarcely  perceive  that  it  is  wool  at  all. 
A  point  of  the  skin  stricken  by  the  heat  of  the  sun,  may  be  so 

(t)  It  is  to  be  observed,  that  in  the  determiaation  of  organic  forms, 
there  is  always  a  progression  from  a  lesser  unity  to  a  larger.  Let  us 
instance  muscular  fibre :  the  first  unity  here  is  the  least  moving  fibre, 
which  produces  a  larger  fibre,  properly  called  a  moving  fibre,  as  a 
compound  unity :  these  [larger]  fibres  again,  by  composition,  form  an 
entire  musde,  which  is  the  largest  unity ;  for  that  there  are  relatively 
larger  and  lesser  unities,  see  above,  n.  532  (r). 
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burnt  as  to  lose  all  feeling  and  produce  dangerous  symptoms;  a 
point  attacked  by  cold  or  draught  may  stand  on  end,  give  pain, 
and  grow  numb ;  and  yet  when  the  same  wind  or  heat  catches 
a  whole  Umb,  it  may  be  scarcely  felt  at  all :  for  what  is  acute 
to  one  papilla,  is  diffused  when  many  are  associated  together, 
and  refined  away ;  hence  is  rendered  obtuse  and  indistinct. 

551.  But  this  sense  may  be  rendered  more  actUe  and  distinct 
in  various  ways ;  nay,  it  is  actually  more  distinct  wherever  use 
demands  it.  We  have  instances  of  its  increased  acuteness,  in 
luxurious,  effeminate,  fair  persons,  in  those  who  follow  no  occu- 
pation, or  are  naturally  deUcate  in  body,  in  infants,  in  the 
blind,  in  those  whose  attention  is  directed  to  different  parts  of 
their  skin  at  different  times,  and  who  are  anxious  on  account  of 
any  spot  or  pustule  that  seems  to  forebode  a  mortal  disease.  On 
the  other  hand,  we  have  instances  of  its  increased  obtuseness,  iu 
those  whose  skins  are  hardened,  as  husbandmen,  cooks,  porters, 
workmen,  culprits  often  striped  and  wounded  by  the  lash,  in  per- 
sons whose  nerves  are  relaxed  in  consequence  of  the  subsidence 
of  swellings,  in  decayed  old  subjects,  and  many  others.  Which 
shews  that  this  sense  admits  of  a  wider  or  narrower  sphere  of 
perfection  ;  being  perfected  with  the  form  or  organ ;  for  the  one 
is  exactly  represented  in  the  other  (n.  548)  :  it  is  perfect,  that 
is  to  say,  in  proportion  as  the  papillae  are  placed  distinctly  with 
respect  to  each  other  (n.  535) :  in  proportion  as  they  are  distin- 
guished from  their  companions  by  variety,  and  at  the  same  time 
are  conjoined  with  them  in  fitting  harmony  (n.  536)  :  also  in 
proportion  to  the  promptitude  and  ease  with  which  they  can 
change  their  states,  and  relapse  into  their  pristine  natural  state 
(n.  537).  Or  specifically  speaking,  in  proportion  to  the  thinness 
of  the  epidermis  with  which  the  papillae  are  covered ;  in  propor- 
tion as  they  are  separated  distinctly  by  the  corpus  reticulare,  and 
at  the  same  time  bound  down  or  devoted  heartily  to  the  common 
service ;  in  proportion  as  the  series  of  them  are  well  discriminated 
by  furrows ;  and  are  seated  upon  a  yielding  basis.  Nay,  the 
papillae  themselves  are  perfect  in  proportion  to  the  fineness  of 
the  little  tunic  that  clothes  them ;  and  in  proportion  to  the  dis- 
tinctness with  which  the  fibrillae  that  construct  and  weave  them, 
act  among  themselves  (n.  534,  635).  For  the  form  of  the 
general,  or  the  common  form,  is  perfected,  when  the  form  of  the 
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part  or  unity  is  perfected;  therefrom  as  its  root  the  perfection 
of  the  whole  arises.  We  have  clear  evidence  of  the  fact,  that 
the  sense  of  touch  is  actually  more  perfect  where  reason  and 
use  demand,  from  what  we  observe  in  the  fingers,  which  are 
instruments  for  the  exploration  of  objects,  where  the  series 
of  papiUse  are  seen  to  be  arranged  in  spiral  curves,  and  divided 
from  each  other  by  the  intervention  of  furrows  (A).  And  in  the 
lips,  which  anticipate  by  touch  the  general  character  of  the 
food  about  to  be  received  by  the  mouth ;  the  papillae  being, 
therefore,  heaped  together,  and  covered  by  a  finer  epidermis, 
in  those  parts  (/).  Also  in  the  eyes,  that  is,  in  the  conjunctiva, 
which  serves  as  a  guard  to  the  pupil.  This  sense  is  also  more 
acute  in  the  parts  covered  by  the  prepuce,  and  which  are 
designed  to  be  excited  by  touch  :  for  the  form  is  conceived  with 
reference  to  the  whole  idea  of  use  (n.  531). 

652.  In  touch,  as  in  all  the  other  semes,  there  is  first  an  im- 
pression, involving  in  it  an  action,  either  from  some  inert,  or 
from  some  active  force,  that  comes  from  without.  Next,  anstoer-- 
ing  to  the  impression,  a  mutation  in  the  excited  part  of  the  sen- 
sorial organ ;  and  Jience  a  reaction  corresponding  to  the  action. 
Then  a  perception  of  the  mutation  in  the  general  sensorium,  giving 
rise  to  a  sensation.  Forthwith,  according  to  the  perception,  there 
arises  an  affection :  according  to  the  affection,  a  disposition  to 


(Jc)  The  pyramidal  papillse,  according  to  Heister,  "  are  most  con- 
spicuous (.  .  .  afler  the  removal  of  the  cuticle)  in  the  hps,  the  palms 
of  the  hands,  especially  about  the  tips  of  the  fingers,  arfd  in  the  soles 
of  the  feet"  (n.  472).  And  according  to  Winslow  :  "The  papillae  of 
the  palm  of  the  hand,  of  the  sole  of  the  foot,  and  of  the  fingers  and 
toes,  are  higher  than  those  of  other  parts,  but  smaller,  closely  united 
together,  and  placed  as  it  were  erect  one  against  another,  in  particular 
rows,  which  represent  on  the  skin  all  kinds  of  lines,  straight,  curved, 
waving,  spiral,  &c."  (n.  473). 

(/)  "  The  red  part  of  the  hps,"  says  Winslow,  "  is  also  made  up 
of  papilke,  resembling  very  fine  hairs  or  villi  closely  united  together. 
There  is  another  peculiar  kind  under- the  nails.  .  .  .  Those  [papillae] 
which  are  found  in  the  hairy  scalp,  scrotum,  &c.,  are  again  of  other 
kinds"  (n.  473).  Thus  it  is  plain,  that  touch  corresponds  exactly  to 
the  form  produced  by  the  papillae,  as  pointed  out  above,  n.  548. 
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the  preservation  of  the  part  or  the  whole ;  or  a  change  of  state 
in  agreement  with  the  affection :  then  an  effect  embodying  the  use 
that  the  sensation  produces.  Causes  enter  successively  into  every 
effect,  for  an  effect  is  the  ultimate  of  an  orderly  progression  of 
causes ;  and  therefore  is  to  be  considered  in  the  same  light  as 
the  equation  of  an  analytic,  that  is,  algebraic  calculus,  in 
which  are  put  several  mutually  connected  lesser  equations, 
hence  several  ratios  and  analogies,  in  order  that  they  may  be 
together  therein.  Thus  it  is  our  business  to  resolve  an  effect, 
in  the  same  manner  as  we  should  resolve  such  an  equation,  into 
its  parts,  or  causes,  so  that  we  may  know  what  it  contains,  and 
whence  it  exists.  Such  being  the  order  of  efficients,  it  follows, 
that  all  the  things  that  precede,  coexist  in  the  last  efficient,  or 
in  the  effect;  in  a  word,  that  the  effect  is  the  complex  and  sum 
of  what  has  gone  before  it.  With  regard  to  touch  specifically, 
we  find  by  contemplating  it  in  its  causes,  that  the  object 
coming  from  without  (n.  542 — 547),  first  im*prints  an  image  of 
itself  upon  the  sensorial  organ  ;  whence  an  impression,  with  an 
action  accompanying  it ;  and  at  the  same  time,  since  the  organ 
suffers  itself  to  be  moulded  to  the  pattern  of  the  thing  im- 
pressed, there  exists  a  mutation  of  the  parts  or  links  constituting 
the  organic  form ;  and  this  form,  when  changed,  inasmuch  as  it 
endeavors  to  relapse  into  its  pristine  state  (n.  587),  reacts  upon 
the  object  in  proportion  as  it  is  acted  upon ;  hence  reaction. 
This  series  of  causes,  or  this  prior  effect,  (to  wit,  the  impression 
and  mutation,  together  with  the  corresponding  action  and  reac- 
tion,) is  forthwith  carried  by  the  fibres  to  the  cerebrum  (n.  547), 
which  alone  feels,  the  organ  of  the  body  acting  the  part  of  an 
instrument  merely  (n.  528) ;  hence  a  perception,  which  tmited 
with  the  above  mutation,  or  the  first  effect,  is  properly  termed 
a  sensation.  If  anything  endangers  or  dissevers  the  associated 
parts  of  an  oi^an,  some  imeasiness  or  pain  instantly  makes  the 
circumstance  manifest  (n.  529)  :  but  if  anything  soothes  or 
reinstates  them,  it  gives  rise  to  delight  and  pleasure,  which  is 
felt  by  the  whole  mind ;  thus  we  are  affected  according  to  the 
mode  of  the  mutation  and  sensation;  and  hence  arises  an  effec^ 
tion.  The  papillary  organ  of  the  cutis  is  extremely  susceptible 
of  changes  from  every  slight  affection  (n.  517) ;  either  suffer- 
ing expansion  or  constriction,  elongation  or  retraction,  soften- 
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ing  or  hardening  (n.  400) ;  in  a  word^  change  qf  state ;  which 
if  it  proceeds  from  an  affection  of  the  animal  mind^ — ^if  thus  it 
flows  as  it  were  spontaneously^ — then  the  same  change  or  muta- 
tion has  in  it  a  ditporition  to  the  preservation  of  the  part  or  the 
whole  j  for  instance,  the  expansion,  elongation,  and  softening, 
have  in  them  a  disposition  for  enjoying  pleasure ;  and  on  the 
other  hand,  the  constriction,  retraction,  and  hardening,  for 
avoiding  pain  and  misfortune.  But  if  it  proceeds  firom  the 
rational  mind,  and  not  firom  the  animal  mind,  or  what  amounts 
to  the  same  thing,  fix>m  the  will  and  not  firom  nature,  the 
muscles  are  immediately  called  into  play,  either  to  receive  de- 
lights, or  to  avert  dangers;  in  this  manner  an  effect  is  presented 
that  embodies  the  use  that  the  sensation  produces.  There  is  a 
similar  successive  order  of  causes,  firom  the  first  to  the  last,  in 
the  other  senses.  Let  us  confine  our  attention  to  the  sense  of 
sight :  first,  the  image  of  an  object  is  offered  to  it,  and  as  this 
image  flows  in  through  the  pupil  and  the  crystalline  lens  all  the 
way  to  the  retina,  therefore  an  impression  is  made  by  an  active 
force,  or  an  action  takes  place  (n.  523) ;  consequently  an  an- 
swerable mutation  and  reaction  in  that  delicate  villous  network. 
The  image  itself  is  carried  by  the  optic  nerves  to  the  general 
sensorium,  where  it  is  perceived ;  and  hence  we  have  a  percq^ 
tion.  Beautiful  sights  and  harmonious  varieties  fill  the  animal 
mind  with  pleasure,  and  the  rational  mind  with  joy;  ugly  sights 
and  inharmonious  varieties  disturb  and  horrify;  the  view  of 
dangers  terrifies  and  stuns  us :  thus  an  affection  arises  according 
to  the  perception  or  sensation.  Acc(»rding  to  the  state  of  the 
affection,  the  animal  and  rational  mind  are  either  dilated,  or 
straitened,  or  disturbed :  likewise  the  blood  with  its  vessels,  and 
the  spirit  with  its  fibres,  which  are  compliant  and  obedient  to 
their  animal  and  rational  minds,  and  are  either  unfolded  or 
contracted,  or  relaxed  or  indurated,  or  tremble  with  joy  or  fear, 
or  in  common  with  their  principles  undergo  other  changes. 
Thus  a  change  of  state  results  ftom  the  affection ;  or  a  dispo^ 
sition  of  the  muscles  at  the  discretion  of  the  mind ;  that  is  to 
say,  a  voluntary  action  for  the  enjoyment  of  delights,  or  for 
escape  fix>m  dangers ;  which  is  the  effect  that  comprehends  in  it 
simultaneously  this  whole  series.  A  similar  series,  running 
firom  the  first  cause  of  sensation  to  the  effect,  is  presented 
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actually  in  every  Tiscns  of  the  body  (m) :  for  nothing  undei^oes 
any  change  different  from  the  natural  state^  without  a  premo- 
nitory sense.  Thus  in  the  stomachy  the  objects  themselves^  or 
the  parts  of  the  food^  solid  and  fluids  excite  its  papillary  mem- 
brane^ imprint  their  image  upon  that  membrane^  and  act  upon 
it ;  whence  there  exists  an  impresHon  and  action ;  but  in  the 
papillss,  a  mutation  and  reaction.  These  being  carried  up  by 
the  fibres  to  their  principles,  the  cerebellum  is  affected  cor- 
respondently  (n.  526,  527) ;  whence  an  affection,  which  brings 
on  a  sudden  change  of  state.  For  the  vermicular  motion  of 
the  stomach  is  either  increased,  or  slackened,  or  inverted; 
or  else  the  whole  periphery  of  the  cavity  is  expanded,  and  acta 
softly,  or  is  contracted  and  hardens;  whence  a  disposUion,  for 
the  food  to  be  treated  in  this  way  or  that;  to  be  hardly  dealt 
with,  and  in  a  manner  triturated ;  or  digested  more  softly  or 
slowly ;  or  rolled  down  into  the  intestines  gradually ;  or  pre- 
cipitated thither  off-hand.  This  is  the  effect  and  use  that  the 
sense  of  touch  produces. 

553.  The  papUUe  are  expanded,  extended,  and  sqften,  lahen 
they  come  in  contact  with  a  pleasant  olgect ;  but  are  constricted, 
retracted,  and  harden,  when  they  come  in  contact  with  an  un- 
pleasani  ol^ect.  External  sensations,  or  the  sensations  of  the 
surface  oi  the  body,  are  but  mutations  corresponding  to  the 
external  surface  and  figure  of  the  thing  impressed ;  for  that 
which  feels,  or  which  perceives  the  mutation,  does  not  reside 
in  the  outside  shell,  I  mean,  in  the  skin,  but  in  the  centres  or 
the  beginnings  of  the  fibres  (n.  528).  Yet  as  the  instrumental 
or  oif;anic  makes  one  effect  with  its  principal,  hence  sensation 
may  conveniently  be  predicated  of  both;  yea,  and  feeling 
itself,  which  simulates  the  existence  of  sensation  in  the  ultimate 
sphere,  leads  us  to  believe  that  this  appearance  is  a  reality. 
ThxX  these  mutations  produced  by  impressions,  consist  in  ex- 
pansions, extensions,  and  softenings  of  parts,  is  dear  from  the 
relaxation  and  erection  [exsertatione]  of  the  papillary  organ,  or 

(m)  This  is  nowhere  so  conspicuous  as  in  the  kidneys,  which  excrete 
such  various  kinds  of  urine,  answering,  in  fiu^  to  every  change  oi 
the  blood  and  serum ;  as  shewn  in  the  Chapter  on  the  Eadneys»  Eart  I.» 
p.  454,  455,  n.  295. 
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of  the  whole  cutdcular  sarbuce,  in  the  breathing  warmth  of 
springs  in  warm  apartments,  or  when  we  are  warm  in  bed  under 
the  clothes  and  the  coverlet ;  and  still  more  when  we  are  sur- 
rounded by  the  summer  heat,  or  are  in  the  warm  bath,  or  the 
vapor  bath ;  when  the  above  effect  occurs  to  such  an  extent, 
that  the  pores  and  ducts  of  the  skin  open,  the  fibres  being  re- 
laxed and  elongated,  and  the  whole  sur&ce  is  covered  with 
drops  of  sweat.  It  is  also  plain  from  the  fearlessness  of  nature 
and  the  fulness  of  sensation  that  are  created,  by  the  applica- 
tion of  soothing,  innocuous,  yielding,  soft,  feathery  substances, 
and  by  those  of  which  the  friction  is  agreeable.  On  the  other 
hand,  that  these  mutations  consist  in  constrictions,  retractions, 
and  hardenings  of  parts,  is  plain  from  the  skin  itself,  when  a 
bitter  wind  strikes  and  catches  it,  or  when  it  comes  in  contact 
with  anything  cold,  rough,  prickly  or  hard :  and  even  from  the 
fear  of  injury  when  similar  things  assail  it ;  and  from  the  play 
and  free  motion  of  the  same  organ  when  any  object  with  a 
varied  surface  wanders  over  it,  and  titillates  it.  The  mutations 
of  state  are  equal  in  number  to  all  the  possible  affections  of  the 
body,  the  animal  mind  and  the  rational  mind ;  consequently  to 
all  the  possible  unfoldings,  elasticities,  activities,  and  lives,  of 
the  vessels,  fibres  and  papillae ;  and  on  the  other  hand,  to  all 
their  possible  foldings,  constrictions,  and  privations  of  life, 
with  their  infinite  species,  differences,  and  degrees.  Given  the 
unity  of  the  organ,  and  we  have  then  the  possibility  of  muta- 
tions, for  this  possibility  increases  in  proportion  as  the  unity 
increases  in  purity  and  perfection  (n.  532,  650). 

654.  Whatever  soothes  the  parts  and  cements  their  union,  is 
pleasant ;  bat  whatever  twinges  and  destroys,  is  unpleasant.  The 
love  of  self-preservation,  renewal  and  life,  is  as  paramount  in 
the  body,  as  in  the  mind  and  the  soul ;  that  is  to  say,  in  the 
last  sphere  as  in  the  first.  The  very  union  [between  these], 
and  the  fruition  of  uses  by  that  union,  excite  this  love  natu- 
rally, and  diffuse  it  through  the  whole  system.  Sense  is  [the 
medium]  by  which  the  life  of  the  body  enters,  and  the  love  of 
life  itself.  From  the  ground  of  this  love  it  is,  that  delights 
proceed  from  those  things  that  renovate,  and  pains  from  those 
that  destroy.  Both  the  former  and  the  latter  have  their  own 
proper  mutations ;  the  former,  the  unfoldings,  the  dastidties. 
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and  the  very  activities  of  life;  the  latter,  the  constrictions, 
hardenings,  bennxnbings,  as  it  were  the  images  of  death  (n. 
553).  But  inasmuch  as  three  distinct  spheres  prevail  in  the 
body  (n.  468),  between  whose  chieftains  there  is  perpetual  battle 
and  collision  (n.  518),  hence  it  happens,  that  each  of  these, — 
albeit  they  tmite  their  loves  for  the  sake  of  common  uses, — 
consults  its  own  ends,  and  fieivors  itself.  Thus  one  not  unfre- 
quently  opposes  and  disperses  the  pleasures  belonging  to  the 
life  of  the  other ;  wherefore  our  intellectual  mind,  aware  of  the 
fallacies  of  the  bodily  senses,  frequently  rejects  their  delights 
and  favors ;  nay,  sometimes  chooses  and  devotedly  loves  what  is 
unpleasant  to  the  senses.  From  this  source,  in  a  very  great 
degree,  result  the  ideas  of  pleasant  and  unpleasant  rising  freshly 
from  the  senses. 

555  One  thing  joined  to  another  with  becominff  variety,  re^ 
markably  exalts  the  Itfe  of  sensations.  Equalities  are  the  very 
disgust  of  sensations ;  but  varieties,  and  harmonious  varieties 
especially,  are  their  delight.  Hence  the  sensoria  are  fashioned 
for  receiving  infinite  varieties ;  so  it  is  with  the  papillary  sub- 
stance of  the  cutis,  and  so  with  the  tongue,  the  nares,  the  ear, 
and  the  eye.  Relation  and  mutual  respectiveness  result  from 
varieties,  and  one  thing  is  distinguished  from  another  thereby. 
For  what  is  the  pleasant  apart  from  the  idea  of  the  unpleasant? 
What  is  the  sweet  apart  from  the  idea  of  the  bitter  ?  What  is 
the  beautifid  apart  from  the  deformed  ?  The  warm  apart  from 
the  cold?  Nay,  what  is  the  true  apart  from  the  false,  and  the 
good  apart  from  the  evil  ?  Wherefore,  if  the  parts  or  modes  of 
objects  are  becomingly  connected,  then  by  virtue  of  the  relation 
of  the  delightful  to  its  opposite,  as  we  all  know,  the  sensitive 
life  wakens  up  and  in  a  manner  revives  in  the  organs,  however 
languid  and  sleepy  they  may  be,  and  the  intellectual  life  in  the 
sensorial  principles,  although  just  before  they  were  fainting  and 
failing. 

556.  TTie  objects  that  hnprini  their  image  upon  the  papillary 
organ,  or  induce  mutations  upon  it,  are  many  in  number,  both 
bodies  or  substances,  and  accidents  and  modes,  with  their  degrees 
and  momenta ;  to  wit,  all  things  whatever  that  change  and  affect 
the  natural  state  of  the  organ  or  its  parts.  These  objects  com- 
prise aUnost  all  the  external  accidents  or  predicates  that  declare 
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their  existence  and  qualities  by  means  of  the  senses^  particu- 
larly of  touch  and  sights  or  which  generate  our  first  ideas ; 
such^  for  instance^  aa  the  varied  configuration  of  bodies ;  their 
planeness,  convexity,  or  concavity;  the  differences  of  character 
in  each  of  these  conditions ;  the  peculiar  way  in  which  bodies 
are  cornered,  curved,  or  fallowed  out ;  or  obtuse,  or  acute.  But 
these  particulars  the  organ  not  only  perceives  by  its  sense^  but 
also  explores  by  the  aid  of  the  muscles ;  for  in  order  thoroughly 
to  investigate  the  figures  of  the  larger  parts^  the  fingers  are 
bent^  applied^  moved  about  to  and  fro,  reciprocally  pressed 
against  the  thumb,  or  conjointly  make  a  palm  or  hollow  in 
which  they  can  grasp  the  subject  under  examination ;  or  else 
they  wander  over  it  in  some  other  manner,  as  use  demands  and 
habit  has  taught  them ;  and  wherever  any  resistance  occurs,  the 
precise  reaction  or  mutation  accompanying  it  becomes  a  matter 
of  careful  enquiry  j  or  note  is  taken  whether  the  object  slopes 
downwards,  or  rises,  or  comes  to  an  end.  In  this  manner  the 
fingers  run  over  and  examine  globes,  cubes,  trigons,  paralello- 
grams,  trapeziums,  polyhedrons :  and  by  a  corresponding  piece 
oi  natural  skill  we  distinguish  the  great  and  the  small;  the 
many  and  the  few;  the  thick  and  the  tUn;  the  (Sscriminated  and 
the  contimums ;  the  near  and  the  distant ;  yea,  and  at  the  same 
time  by  muscular  weighing  and  reaction,  the  heavy  and  the 
light.  There  are  some  objects,  however,  that  display  and  repre- 
sent themselves  to  the  touch  immediately,  by  an  idea  of  deUght, 
compliance,  consent ;  for  instance,  soft,  smooth,  flat,  polished, 
lubricous  objects;  and  the  contraries  of  these,  by  a  feeling  of  un- 
delight,  resistance,  dissent;  for  instance,  rough,  hard,  ragged, 
hirsute,  chafing  objects.  By  touch  moreover  we  take  cognizance 
of  motions,  and  even  of  celerities  with  their  momenta,  particu- 
larly when  an  object  runs  over  spots  that  differ  from  each  other 
in  their  sense  of  touch,  the  organ  meanwhile  being  at  rest.  But 
tremors  and  vibrations,  or  the  various  kinds  of  numbness  and 
deadness  that  are  their  opposites,  are  recognized  by  a  certain 
correspondence,  or  similar  species  of  activity  or  rest  in  the  pa^ 
pillary  fibres.  The  hot  and  the  cold,  with  their  degrees,  are  re- 
cognized by  a  real  expansion  or  constriction  of  the  parts  of  the 
organ ;  thus  by  properties  similar  to  those  that  exist  in  heat  and 
cold  themselves.     Ileat  excites  the  sense,  because  it  expands 
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the  fibres;  cold  takes  it  away,  because  it  constricts  them.  The 
maiit  and  the  dry  again,  which  are  equally  objects  of  touch,  are 
recognized  in  a  different  maimer ;  the  moist,  to  wit,  by  fluidity, 
yielding,  cold,  or  warmth,  and  by  the  refireshment  of  the  dried 
skin;  the  dry,  by  the  contrary  affections,  particularly  in  the 
little  lips  of  the  pores  of  the  cuticle,  which  little  lips  are  prin- 
cipally designed  for  the  perception  of  moisture  and  dr3me88. 
Fhddity  and  fixidUy,  liquidity  and  tenacity ,  are  recognized  dif- 
ferently again.  Furthermore,  the  very  motions  of  the  object 
upon  the  organ,  or  of  the  organ  upon  the  object,  according  to 
the  degree  of  their  velocity,  increase  the  play  of  these  muta- 
tions ;  and  in  this  way  the  fall  of  gravitating  bodies  is  distin- 
guished, and  the  gradations  of  the  influences  of  heat  and  cold ; 
consequently  the  weather  and  the  seasons.  Whether  therefore 
they  be  quantities  or  qualities,  they  are  felt  by  touch;  this 
being  the  case  with  everything  that  exerts  a  stress  upon  the 
nexus  of  the  parts,  particularly  of  the  fibres,  in  the  organ ;  or 
influences  their  position,  order,  and  series,  so  as  to  change  and 
invert  their  states,  properties,  and  functions  (n.  629). 

557.  In  order  that  objects  may  be  properly  knoum,  touch  is 
instructed  by  sight,  and  vice  versft,  sight  by  touch.  Touch  and 
sight  are  as  it  were  married  partners ;  their  union  results  in  the 
conception  and  birth  of  an  idea  as  an  offspring,  and  when  this 
idea  grows  up,  it  is  called  a  reason,  and  ultimately  an  under- 
standing. Sight  is  in  a  manner  the  wife,  and  touch,  the  hus- 
band; while  hearing  may  be  considered  as  a  handmaid  ancillary 
to  sight  as  her  mistress ;  and  taste  and  smell  as  male  attendants 
ministering  to  touch.  The  idea  that  is  bom  to  sight  and  touch 
conjointly,  is  the  offspring  of  a  legitimate  bed;  but  the  idea 
that  is  bom  to  touch  and  hearing,  (as  in  persons  blind  fix>m 
birth,)  is  a  bastard  offspring,  because  begotten  from  the  hand- 
maid of  sight.  From  the  very  life  of  the  marriage  of  touch 
with  sight,  we  clearly  learn  the  sort  of  idea  that  is  engendered 
by  the  conjunction  of  touch  and  hearing  only ;  for  instance,  in 
cases  of  congenital  blindness.  For  I.  Sight  is  instructed  by 
touch  respecting  what  lies  in  objects  beyond  their  external  and 
accidental  form ;  that  is  to  say,  whether  they  be  hard  or  soft, 
cold  or  hot ;  which  particulars  are  concealed  from  the  eye, 
unless  they  are  felt  by  the  fingers :  nay,  until  sight  has  been 
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informed  by  touchy  it  is  not  aware  that  live  coals  bnm^  and  that 
ice  freezes.  Also,  whether  objects  be  heavy  or  liffhi;  which 
points  touch  explores  by  the  steelyard  of  the  fingers;  while 
sight  can  only  do  the  same  by  scales  or  other  artificial  means : 
so  that  touch  apprizes  its  partner,  sight,  of  the  value  or  worth- 
lessness  of  objects,  as  depending  upon  these  properties ;  taking 
account  of  the  weight  of  metals,  minerals,  and  other  precious 
things,  and  thereby  ascertaining  that  they  are  not  base  mate- 
rials, gilded,  plated,  or  otherwise  disguised,  to  give  them  a 
&lse  appearance  of  nobleness.  Again  sight  is  instructed  by 
touch  whether  objects  be  rough  or  smooth ;  for  instance,  whether 
any  fietbric  be  linen  or  wooUen,  cotton  or  silk ;  otherwise  sight 
would  judge  from  the  mere  shining  or  dullness  of  the  texture, — 
from  the  mere  effects  of  light  or  shade.  Consequently  whether 
objects  be  phantoms,  which  appear  to  live  in  dusk  or  twilight ; 
whether  they  be  statues  and  pictures,  which  when  well  executed 
might  deceive  Apelles  himself,  were  it  not  for  the  sense  of 
touch.  Thus  the  one  sense  teaches  the  other  to  distinguish 
between  the  imitations  of  art  and  the  works  of  nature :  for 
this  purpose  touch  is  oftentimes  sent  out  by  sight  to  act  as  a 
general  explorer.  Not  to  mention  present,  or  rather,  instant 
objects,  which  either  outrun  sight,  or  steal  away  from  it,  but 
which  touch  makes  manifest ;  particularly  in  the  dark,  when 
touch  actually  assumes  the  province  of  sight,  and  shews  the 
way.  II.  Touch,  on  the  other  hand,  is  instructed  by  sight  re- 
specting quantities  that  do  not  fedl  within  the  sphere  of  the 
former;  namely,  that  either  exceed  its  capacity  or  sense,  or 
that  do  not  come  up  to  it ;  such  as  the  character  and  extent  of 
woods,  lakes,  cities,  palaces,  houses;  or  of  those  minute  ob- 
jects that  can  be  discerned  only  through  the  microscope.  Also 
respecting  distant  things,  and  respecting  the  approach  of  tan- 
gible bodies,  hence  of  danger ;  for  if  the  blind  leads  the  blind, 
they  knock  against  each  other,  and  both  fall  into  the  ditch. 
Particularly  respecting  the  agreements  and  harmonies  that  result 
solely  from  discriminations  of  light  and  shade;  consequently 
respecting  the  similitude  between  large  and  small  bodies,  how- 
ever differing  in  magnitude.  K  then  touch  be  instructed  by 
sight  respecting  harmonies,  it  is  also  instructed  respecting  the 
comeliness  or  the  beauty  that  proceeds  from  harmonies ;  respect- 
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ing  the  pkasantness  that  springs  fix>m  beauty ;  and  the  goodness 
that  arises  firom  pleasantness ;  whence  hve,  which  is  bom  by 
the  continued  series  firom  harmony  to  goodness.  But  if  touch 
is  unmarried^  or  deprived  of  sights  it  judges  on  these  points 
firom  the  smoothness^  lubricity^  polish^  or  yielding  character  of 
objects;  as  on  the  contrary  points^  firom  their  roughness^  rug- 
gedness^  and  resistance :  or  if  you  please^  the  remark  may  be 
applied  to  the  understanding  formed  of  the  ideas  generated  by 
touch  and  hearing  conjointly.  The  truth  of  the  foregoing  con- 
siderations is  clearly  proved  by  the  case  of  those^  who  not  bom 
to  the  enjoyment  of  lights  have  hardly  trusted  their  sight  when 
they  gained  it,  but  every  time  thought  they  were  deceived  by 
sight  itself,  until  they  made  use  of  the  intervention  of  touch  (n). 

(n)  We  read  it  proposed  as  a  problem  by  Molyneux  to  Locke, 
[Essay  concerning  Human  Understanding,  book  ii.,  chap,  ix.,  sec.  8,] 
Whether  a  person  blind  from  bis  birth,  being  made  to  see,  could  dis- 
tinguish a  globe  fi*om  a  cube  by  sight  alone,  through  the  mere  variation 
of  light  and  shade,  without  having  recourse  to  the  associate  sense  of  touch? 
This  question,  they  say,  was  at  length  solved  by  experience  in  the  fol- 
lowing manner.  A  person  bom  blind,  and  who  afterwards  gained  his 
sight  by  the  operation  of  couching,  was  not  able  to  discern  magnitudes, 
distances,  or  shapes,  by  the  distinctions  of  light  and  shade,  unless  he 
made  use  of  touch  as  an  assistant  and  interpreter  to  sight.  Moreover, 
as  they  assert,  he  thought  no  objects  so  agreeable  as  those  which  were 
smooth  and  regular  to  touch.  He  was  very  much  surprised,  that  those 
things  which  he  had  liked  best,  did  not  appear  most  agreeable  to  his 
eyes ;  thinking  that  what  was  the  most  pleasant  and  bland  to  touch 
would  be  the  most  beautiful  also.  Again  and  again  he  learnt  the 
names  of  the  animals  that  he  saw,  but  as  often  forgot  them,  until  he 
recalled  them  to  mind  by  touch.  Having  fi^uently  forgotten  which 
was  the  cat,  and  which  the  dog,  he  was  ashamed  to  ask  the  question, 
but  consulted  his  most  familiar  sense,  namely,  touch,  clandestinely. 
They  also  say  that  he  was  greatly  deceived  by  pictures,  expecting  them 
to  feel  like  the  things  they  represented,  or  to  express  nature  by  art, 
and  being  amazed  when  he  found  that  those  parts  which  by  their  light 
and  shadow  appeared  round  and  uneven,  felt  only  flat  Uke  the  rest : 
and  he  asked  which  was  the  lying  sense,  feeling  or  seeing?  Being 
shewn  his  father's  picture,  he  wondered  that  a  hurge  face  could  be  re- 
presented in  so  small  a  compass ;  sa3ring,  it  would  have  seemed  as 
impossible  to  him  as  to  put  a  bushel  of  anything  into  a  pint  vessel. 
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Unw  iheae  MMe%  Eke  kwlMiBd  awi  wtfe^  lad  cadi  odicr 
anitaal  M,  9ad  tbe  one  with  tht  beip  of  tbe  odicr,  begets  or 
eoaeems  a  leiptjissale  offiipriDi^  or  idca^  la  order  tkal  At  aa- 
dentaikdmf;  tbat  grown  oat  of  the  ideas  oo  conceived,  angr  be 
petmadcd  tbal  it  b  the  child  of  tfaia  aMmage,  it  icqaiici  to  be 
ec^ttficd  of  the  htt  from  the  month  of  bodi  the  parents;  for 
when  we  can  waj,  I  hare  teem  mmd  feU,  it  attacfafs  its  belic£ 

6M.  BemdtB  the  affeeikm$  mnmmg  from  earienml  ■nurfinatj 
there  are  al$o  e^edumt  from  imUnml  etames,  wkici  vmry  oar 
$eH$e$,  and  Umeh  partkmlarlf,  m  a  sh^^mlar  mummer.  The  papil- 
lary substance  of  the  cutis  is  extremelj  susceptible  of  changes 
from  erery  sUgfat  aiEection*  (n«  517).  The  rerj  pcispiiation 
ihroof^  the  cutis  takes  place  with  infinite  Tarietj,  according  to 
an  changes  of  state  arising  from  sensation  and  a£Esctiony  enter- 
most^  innermost^  and  intermediate  (n.  513).  lliere  are  external 
and  internal  afTections;  speaking  generally^  affections  of  the 
bodjr,  of  the  animal  mind^  and  of  the  rational  mind^  each  of 
these  having  its  own :  the  affections  of  the  body  are  those  that 
change  the  state  of  the  blood;  the  affections  of  the  animal 
mind  are  those  that  change  the  state  of  the  spirits ;  and  the 
affections  of  the  rational  mind  are  those  that  change  the  state 

At  flrtt  he  could  bear  but  very  little  tig^t.  The  room  he  was  in,  he 
•aidf  be  knew  to  be  but  part  of  tbe  house,  yet  he  could  not  coneeiye 
thai  the  whole  house  could  look  bigger.  Before  be  was  couched,  be  ex- 
pected little  advantage  from  seeing.  And  even  blindness,  be  observed, 
had  this  advantage,  that  he  could  go  anywhere  in  the  dark,  much  better 
than  those  who  can  see  ;  and  afler  he  had  seen,  he  did  not  soon  lose 
this  power,  nor  desire  a  light  when  he  went  about  the  bouse  in  tbe 
night*  IIo  said  that  every  new  object  was  a  new  delight ;  and  the 
pleasure  was  so  great  that  he  wanted  ways  to  express  it.  He  could 
not  conceal  his  gratitude  to  his  operator,  never  seeing  him  for  some 
time  without  tears  of  joy  in  his  eyes,  and  other  marks  of  affection,  &c. 
(Hoc  Choselden,  PhiloiophicalTramactuma,  n.  402,  art.  vii.,  p.  447^450, 
an«  1 72H,  and  Anaiamy,  book  iv.,  chap.  iv. ;  and  Robert  Smith,  Com- 
pl$ut  Syiiem  qf  Optica,  book,  i.,  chap,  v.,  n.  132 — 134  ;  and  vol.  ii., 
Rmm^k*,  sco.  IGl,  162.*^) 

*  1  hiivi»  (bunU  it  adviMblo  to  give  part  of  this  note  in  Chestlden's  own  words, 
in  |ir«4Wenc«  to  transUtinf  It  literally  from  Swedenborg,  wlioee  account  is  occa- 
»biially  obtottr^t— f  IVJ 
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of  the  soul  (n.  614^  515).  How  these  affections  modify  the 
state  of  the  papillary  sensorium^  or  orgsai,  consequently  the 
sense  itself^  is  best  seen  in  examples.  First  with  respect  to  the 
qffisction$  of  the  body,  or  specifically^  with  respect  to  its  ailments 
and  diseases^  which  as  they  change  the  bloody  therefore  also 
change  its  vessels^  and  the  fabrics  constmcted  by  the  vessels, 
consequently  again  the  organ  of  the  cutis,  which  is  not  only 
fibrous,  but  vascular ;  and  therefore  also  the  sense  itself:  for  in 
the  organ,  as  in  a  mirror,  we  may  see  the  nature  of  the 
sense,  and  vice  versd;  the  one  being  exactly  represented  in  the 
other  (n.  548).  Thus  moisture  is  perceived  differently  by  a 
dry  skin,  and  by  the  same  skin  when  moistened ;  heat  is  per- 
ceived differently  by  a  cool  skin,  and  by  the  same  skin  when 
warmed ;  differently,  to  wit,  in  essential,  ardent,  burning,  and 
intermittent  fevers  respectively;  differently  in  lipyria,  in  which 
the  outward  parts  are  cold,  and  the  inward  parts  bum ;  dif- 
ferently in  tympanitis  and  paralysis :  in  a  word,  differently  in 
every  preternatural  state ;  as  in  extension,  relaxation,  indura- 
tion, or  obstruction  of  the  skin ;  nay,  where  the  skin  is  thinner, 
and  denuded  of  the  scales  of  the  epidermis,  the  sense  has  an 
inverse  play, — soft  things  prick  it,  smooth  things  tickle  it,  cold 
things  inflame  it,  warm  things  bum  it,  fee.  But  with  respect 
to  the  affections  of  the  animal  mind,  these  likewise  modify  the 
sense  in  various  ways,  and  substitute  for  each  other  the  ideas 
arising  from  the  senses ;  for  in  anger  and  rage  it  [sense]  is  dis- 
turbed, in  mirth  it  is  shed  abroad,  in  sorrow  it  is  straitened, 
in  venery  it  is  kindled  firom  the  very  innermost,  in  shame  it  is 
self-oblivious,  in  fear  it  is  extinguished ;  to  say  nothing  of  the 
fallacies  resulting  firom  imagination  alone.  But  the  affections 
of  the  rational  msnd,  which  are  still  more  internal,  influence 
the  state  of  this  sense  more  firequently,  and  therefore  more  im- 
perceptibly ;  for  the  rational  mind  may  be  either  present  in  the 
senses,  or  absent  firom  them, — it  may  in  a  manner  infiise  itself 
into  them,  or  withdraw  itself  firom  them;  whence  states  of 
attention  or  abstraction ;  which  varieties  appear  particularly  in 
the  vigils  of  the  rational  mind,  in  its  intuitions  of  ends,  loves, 
inactivities,  sleeps,  cares,  anxieties,  and  troubles,  fee. 

559.  Touch,  like  the  other  senses,  does  not  indicate  the  essence, 
frnm,  and  nature,  that  o^ts  have  inwwrdfy,  but  only  that  they 
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tuwe  outwardly ;  consequently  only  their  figure  or  external  form  ; 
wherefore  experience^  art  and  study  are  necessary  to  explore 
these  ol^ects  more  thoroughly.  External  accidents  are  all  that 
declare  their  existence  and  qualities  by  means  of  the  senses^ 
and  particularly  by  means  of  touch  (n.  556) ;  for  touch  is  the 
most  obtuse  and  indistinct  of  all  the  senses  (n.  550).  It  appre- 
hends only  that  bodies  are  figured  in  one  way  in  contradistinc- 
tion to  another,  but  does  not  apprehend  what  is  hidden  within 
their  bark  or  sur&ce ;  wherefore  it  the  less  instructs  the  under- 
standing respecting  inward  things,  inasmuch  as  all  forms  what- 
ever may  have  any  possible  figure  or  sur&ce  given  them.  Nor 
is  anything  manifested  by  touch,  beyond  the  softness,  smooth- 
ness, or  lubricity  of  the  body  presented  to  it,  which  are  external 
accidents ;  but  this  sense  cannot  decide  whether  these  properties 
belong  to  the  body  originally  and  essentially,  for  there  is  no 
object  but  may  have  similar  properties  given  to  it  extrrnsicaUy 
by  artifical  means.  Touch  has  no  standard  of  worth  or  value 
whereby  to  judge  of  the  objects  that  it  weighs  with  the  fingers, 
beyond  simple  gravity  and  levity.  Nor  does  it  so  far  distinguish 
the  character  of  any  fluid  in  which  the  fingers  are  dipped,  as  to 
discover  whether  it  be  purely  aqueous,  or  whether  it  be  lie,  or 
decoction,  or  expressed  vegetable  juice,  or  urine,  or  the  like : 
it  only  discerns  varieties  according  to  the  degrees  of  thinness, 
thickness,  firmness :  but  there  is  nothing  in  universal  nature 
that  may  not  be  reduced  by  artificial  means  to  any  one  of  these 
conditions :  wherefore  touch  explores  nothing  beyond  the  outer- 
most surfaces  of  things.  Thus  the  imderstanding  is  vastly 
deceived  in  those  who  depend  upon  their  senses,  and  they  are 
exposed  to  the  danger  of  judging  of  internal  by  external  pre- 
dicates ;  to  wit,  of  beauty  by  smoothness,  of  pleasantness  by 
beauty,  of  goodness  by  virtue,  of  which  love  is  insinuated,  by 
pleasantness  (n.  557).  Therefore  he  that  trusts  to  the  senses 
alone,  is  readily  induced  to  esteem  an  asp  or  a  hydra  for  the 
mere  smoothness  of  its  skin,  a  panther  or  a  tiger  for  the  soft- 
ness of  its  coat;  as  hearing  esteems  a  siren  for  her  song;  taste, 
philters  and  poisons  for  their  sweetness;  sight,  the  vilest  of 
harlots  for  her  outward  beauty  and  allurements,  and  not  un- 
firequently  companions  themselves  fix>m  the  ground  of  pretended 
friendship,  and  counterfeited  kindness.    The  mind  has  need  of 
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sciences  that  can  scrutinize  inward  things,  lest  it  lihould  put  its 
trust  in  the  like  delusions  and  wiles;  and  all  the  sciences, 
therefore,  both  empirical  and  theoretical,  are  so  many  signs  of 
the  deceptions  and  fallacies  of  our  senses,  proving,  that  they  do 
not  indicate  the  essence  and  nature  that  objects  have  inwardly, 
but  only  the  essence  and  nature  that  they  have  outwardly ; 
that  is  to  say,  their  figure  or  external  form.  For  before  we 
can  know  what  is  involved  in  foods,  vegetable  juices,  herbs, 
and  flowers,  be  they  ever  so  delicate  and  fragrant,  we  have  to 
experiment  chemically,  by  means  of  menstrua,  fire»  and  dif- 
ferent modes  of  operating ;  and  medically,  by  trials  upon  living 
bodies. 

660.  Each  papilla,  which  represents  a  unity  of  our  touch, 
consists  of  fibres,  or  simpler  papilke;  consequently  each  unity  of 
our  touch  arises  Jrom  other  most  minute  [unities'] .  The  papillae 
that  rise  through  the  foramina  of  the  corpus  reticulare,  repre- 
sent the  imities  of  our  touch  (n.  549) ;  and  as  these  are  of 
sufficient  bulk  or  dimension  to  be  visible  to  the  naked  eye, 
they  are  of  course  made  up  of  innumerable  fibres  and  vessels, 
or  more  minute  types,  and  covered  with  a  kind  of  continuous 
tunic,  so  as  to  present  the  appearance  of  a  single  and  simul- 
taneous body  (n.  506).  All  who  are  accustomed  to  use  the 
microscope  know  that  such  is  the  fact :  for  in  proportion  to  the 
power  of  the  lens  that  is  placed  between  the  eye  and  the  ob- 
ject, or  in  proportion  to  the  smallness  of  its  field,  in  the  same 
proportion  we  penetrate  further  into  the  grounds  and  lines  of 
simpler  corpuscules ;  and  those  that  still  appear  indistinct  and 
confused,  may,  by  the  application  of  a  finer  lens,  be  brought 
out  of  their  obscurity  into  still  greater  distinctness ;  and  so  on  : 
shewing  that  the  sensorial  papilla  of  the  cutis,  which  is  lai^ 
enough  to  be  seen  by  the  naked  eye,  when  broken  up  and 
examined  by  the  microscope,  displays  an  entire  fibrillary  grove, 
entering  into  it  and  constructing  it.  For  when  the  cutaneous 
nerves  advance  to  this  boimdary  of  their  kingdom,  and  unfold 
their  fascicles  into  the  primitive  fibres,  they  then  for  the  first 
time  go  to  compose  these  their  organic  forms;  in  the  same  . 
manner  as  the  rest  of  the  nerves  when  they  come  to  any  other 
goal  or  unity;  for  instance,  either  to  a  gland,  or  a  cell,  or  a 
moving  fibre;  for  when  any  one  of  them  is  contemplated  by- 


Digitized  by  VjOOQ  IC 


542  THE    ANIMAL   KINGDOM. 

the  microscope^  it  displays  wonderful  ramificationfl.  So  much 
for  a  general  view  of  the  subject.  With  respect  to  the  papUla 
of  the  cutis  specifically^  the  fSact  that  it  is  constructed  of  mani- 
fold fibres^  and  even  of  most  minute  vessels,  is  clearly  shewn 
by  its  softness,  by  its  yielding  to  the  least  force  of  touch,  and 
by  its  changing  in  correspondence  to  every  spark  of  affection 
(n.  553) ;  consequently  by  its  expansibility,  contractility,  its 
proneness  to  relapse  into  its  pristine  state,  and  the  constancy 
wherewith  it  r^ains  its  natural  state :  this  cannot  be  owing  to 
the  papilla  as  a  compound;  but  to  the  fibres  of  which  it  is 
composed.  Again,  the  same  thing  is  proved  by  the  immense 
number  of  pores  in  the  commissures  of  the  papillae,  which 
pores  are  opened  and  shut  with  the  greatest  readiness,  to  meet 
every  condition  of  change  arising  from  affections  of  the  body, 
ci  the  animal  mind,  and  of  the  rational  mind  (n.  513,  517) : 
but  unless  these  pores  were  made  of  the  purest  fibres,  put  forth 
firom  the  bosom  of  the  papiUse,  they  could  never  obey  so  con- 
stantly such  vast  varieties  of  affections,  as  the  phenomena  al 
the  Sanctorian  perspiration  shew  that  they  do.  Frcm  these 
considerations  it  is  evident,  that  each  papilla  exists  firom  simpler 
fibres,  for  every  compound  is  but  a  congregation  of  its  simpler 
elements,  and  a  sum  of  the  same  put  together  upon  the  model 
of  use  (n.  541).  The  reason  why  the  unity  is  such  a  cause  as 
it  appears  to  be,  is  contained  in  the  fibres  and  vessels  of  whidi 
it  is  composed  (n.  588).  Thus  the  papillary  organ  of  touch, 
like  other  (wganic  forms,  ascends  to  its  third  dimension  hetore 
it  completes  its  determinations  (n.  583). 

561.  From  the^e  fibres,  wMch  are  the  parenU  or  tmUies  (/ 
the  papilhB,  the  sense  of  touch  derives  Us  distinctive  generic  cha- 
racter. The  parent  fibres  of  the  papillae  are  not  bare  fibres, 
like  those  that  are  detached  directly  fixmi  the  nervous  bundles, 
but  exquisitely  fine  organic  textures,  fashioned  by  those  fibres 
upon  the  model  of  use,  that  is  to  say,  so  fashioned  as  to  give 
birth  to  this  sense ;  for  the  reason  why  a  unity  is  a  distinctive 
cause,  is  contained  in  its  form  (n.  538).  Unities  are  the  essen- 
tial determinations  that  construct  the  form  of  the  whole,  or  the 
common  form ;  but  fibres  with  vessels  are  the  essential  deter- 
minations that  construct  the  fitHrms  of  the  unities,  or  the  par- 
ticular fcNrms  (n.  539).     For  the  fibres  that  have  just  come  from 
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their  nerves^  are  the  uniyersal  creators  of  all  the  roots  or  stocks 
from  which  the  organic  vegetations  in  their  wonderful  diversity 
proceed;  some^  to  wit,  to  serve  for  touch,  and  some  to  serve 
for  taste,  or  for  smell,  or  for  some  other  function.  For  example, 
in  order  to  the  existence  of  a  vesicle  that  can  draw  in  and  send 
out  the  breath  or  spirit  of  the  lungs,  it  must  be  so  constructed 
of  fibres  and  vessels  as  to  possess  this  use  in  its  nature.  Like- 
wise in  order  to  the  existence  of  a  gland  that  can  lustrate  the 
blood  or  chyle  in  the  liver,  it  must  be  of  such  a  class,  as  to 
contain  this  use  in  its  form  or  fabric  (n.  588).  Precisely  the  same 
is  the  case  with  the  parent  fibre  of  the  papilla  of  touch ;  in 
order  that  it  may  be  distinct  in  nature  and  sense  firom  the 
papilla  of  taste  and  smell,  it  is  necessary  that  it  be  inaugurated 
into  its  own  sense  from  its  first  condition  or  stamen.  Touch  is 
different  in  nature  and  character  from  taste  and  smell;  this 
being  proved  by  the  origin,  degree,  effect  and  use  of  each,  as 
well  as  by  the  evidence  of  our  own  feelings  (n.  524).  Inasmuch 
then  as  the  first  web  or  form  of  the  fibres  is  the  initiament  of 
the  destined  function,  it  follows  that  this  web  or  form  is  the 
unity  of  its  compound ;  therefore  homogeneous  [with  it]  ;  for 
the  compound  grows  out  of  its  unities  (n.  538,  541);  and  is  like 
a  number  or  sum,  which  involves  nothing  but  such  unity  con- 
gregated and  multiplied  in  divers  forms :  indeed,  it  is  contrary 
to  nature  herself  for  heterogeneous  parts  to  be  ranked  together, 
since  they  do  not  agree  in  simple  ratio,  still  less  in  a  series  or 
proportion  of  ratios.  Different  kinds  of  seeds  or  roots  never 
unite  to  form  one  tree  or  one  flower,  and  so  fibres  of  diflRerent 
kinds  never  go  to  produce  one  sense.  By  reason  of  this  affinity, 
and  agreement  from  the  very  stock,  these  fibres  are  papillae  in 
the  least  form:  for  unities  and  compounds,  as  similar  types, 
stand  related  to  each  other,  and  shew  themselves  to  be  of  one 
genus,  in  their  power  and  manner  of  acting  (n.  536,  541). 

562.  7%6  objects  of  touch  induce  mutations  not  only  upon  the 
common  series  or  form  qf  the  papilke,  but  also  upon  the  parent 
fibres  of  each  papilla;  and  in  fact  more  considerable  and  distinct 
mutations  in  proportion  as  the  organic  forms  are  more  perfect. 
The  very  connexion  and  communication  of  the  external  parts 
of  this  organ  with  the  internal,  shew  abimdantly  the  nature  of 
the  influxion  of  the  mutations  arising  from  objects  or  impres- 
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sions  of  objects^  towards  the  innermost  sphere^  or  into  the  veiy 
organic  texture  of  each  papilla.  For  such  is  the  union  and 
perpetual  mediation  of  the  scale  of  the  epidermis^  the  corpus 
reticulare^  and  the  cutaneous  pores,  with  the  surface  or  little 
tunic  of  the  papilla,  and  of  this  again  with  its  innermost  fibres, 
that  the  common  vibration  or  modification  of  the  parts  neces- 
sarily flows  in  and  penetrates  towards  the  deepest  or  innermost 
sphere,  or  to  the  parent  fibrillse  of  the  sense,  and  changes  or 
disturbs  their  position,  order,  and  connexion  (o).  That  the 
entire  papilla  with  its  bimdle  or  wedge  of  fibrillsey  undergoes  a 
considerable  change  firom  every  touch,  is  apparent  on  general 
grounds  firom  its  pyramidal  or  perhaps  globular  form,  when  it  is 
seen  in  its  natural  state  (p) :  for  when  the  squamous  plate  is 
pressed,  the  papillary  globe  or  pyramid  underneath  it  must 
necessarily  be  thrust  inwards,  and  forced  to  assume  a  different 
form  firom  that  which  is  proper  to  it.  But  let  us  examine  the 
connexion  of  the  parts,  and  thereby  the  mediation  of  the  outer- 
most with  the  innermost.  It  was  shewn  above,  fi*om  anatomy, 
that  the  scale  of  the  cuticle  is  connected  by  fine  filaments  or 
vessels,  not  only  to  the  corpus  reticulare,  but  also  immediately 

(p)  It  is  a  common  and  most  familiar  rule  in  every  organ  and  viscos 
of  the  body,  that  determinations  flow,  or  what  amounts  to  the  same 
thing,  that  fluxions  are  determined,  from  the  outermost  sphere  to  the 
innermost,  and  from  the  innermost  to  the  outermost ;  or  from  com- 
pounds to  simples,  and  from  simples  to  compounds ;  or  from  the  great- 
est things  to  the  least,  and  from  the  least  to  the  greatest ;  as  proved 
above,  n.  540.  I  am  now  about  to  shew  how  the  same  thing  takes 
place  in  the  papillary  organ  of  the  cutis. 

(p)  The  generality  of  anatomists  assert,  that  the  cutaneous  papillie 
are  pyramidal  forms.  They  are  so  described  by  Heister,  Malpighi, 
and  others,  and  delineated  by  Ruysch  and  Bidloo  [n.  521,  o]  ;  because 
they  appear  of  this  figure  when  they  are  extruded  through  the  foramina 
of  the  corpus  reticulare,  and  when  they  are  erected  spontaneously  to 
receive  sensation.  Nevertheless,  anatomists  are  not  yet,  I  think,  agreed 
as  to  what  is  their  natural  shape.  ^<  These  papillse,''  says  Winslow, 
^'  differ  very  much  in  figure  and  arrangement  in  different  parts  of  the 
body.  .  .  .  They  are  for  the  most  part  flat,  [and]  of  different  breadths. 
. .  .  The  pyramidal  figure  genendly  ascribed  to  them  is  not  natural," 
&c.  (n.  473). 
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to  each  subjacent  papilla;  so  that  when  the  scale  is  forced  in  by 
a  touch,  and  again  raised,  the  surfSace  of  the  papilla  cannot  but 
undergo  the  same  sort  of  mutation  {q).  The  corpus  reticulare 
is  likewise  attached  to  the  papilla,  and  at  the  same  time  to  the 
scale,  by  capillary  yessels  continued  from  the  papillse;  so  that 
when  this  reticular  substance  is  displaced  ever  so  little,  the 
whole  surface  of  the  papilla  must  necessarily  partake  in  its 
motion,  and  reciprocate  the  same  (r).  Equally  so  if  any  pore 
is  the  subject  of  contact,  either  in  its  little  mouth,  or  in  any 
other  part ;  for  the  stamina  that  construct  the  pores  are  drawn 
forth  from  the  very  bosom  of  each  papilla  {s).  From  these  con- 
siderations it  follows,  that  such  is  the  perpetual  conjunction  and 
union  of  the  surface  of  each  papilla,  with  the  scales,  the  corpus 
reticulare,  and  the  pores,  that  nothing  can  invade  the  one 
without  instantly  invading  the  other  also.  But  with  respect  to 
the  internal  fibres  of  the  papilla,  it  is  evident  from  an  integral 
survey  and  evolution  of  organic  forms  (/),  that  such  is  the  con- 

(q)  The  reader  will  find  this  explained  above  where  we  treated  of 
the  epidermis ;  to  wit,  how  it  maintains  the  connexions  of  the  parts 
spread  under  it ;  sustains  their  changes  of  state ;  and  impels  them  to 
perform  their  offices  aright  (n.  490).  Also,  how  it  puts  together  the 
primal  singular  modes  [of  sensation]  of  the  fibrillse  and  papillse,  into  a 
kind  of  common  mode  that  is  termed  the  sense  of  touch  (n.  494). 

(r)  This  also  was  proved  by  anatomical  evidence  in  treating  of  the 
corpus  reticulare :  to  wit,  that  the  corpus  reticulare  serves  as  a  link 
and  instrument  of  union  between  the  cuticle  and  the  papillary  substance; 
and  as  a  mediating  organ,  and  as  an  organ  for  transferring  the  modes, 
actions,  feelings,  and  changes  of  the  parts  to  the  papiUae,  and  from 
the  papillae,  on  the  other  hand,  to  the  scales  of  the  epidermis  or  cuticle 
(n.  497).  And  how  it  is  spedficallj  connected  to  the  papillse.  (Ibid., 
note  d.)  And  it  causes  everything  to  refer  itself  to  a  general ;  to  fiow 
backwards  and  forwards  in  a  certain  gyre ;  and  to  conspire  and  tend  to 
its  equilibrium  and  rest  (n.  499). 

(«)  The  pores  have  arisen  firom  the  fibres  of  the  papillae  (n.  503). 
Unless  these  pores  were  made  of  fibres  put  forth  from  the  bosom  of 
the  papillae,  they  could  never  obey  so  constantly  such  vast  varieties  of 
affections,  as  the  phenomena  of  the  Sanctorian  perspiration  shew  that 
they  do  (n.-  560).  Bespecting  the  variefy  of  affections  that  induce 
changes  in  these  pores,  see  n.  513 — 518,  552,  553,  558. 
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junction  between  the  surface^  or  the  common  proper  tnnic^  and 
the  interior  parts^  that  as  the  snrfiM^  is  drawn  different  ways  by 
an  assailant  external  force^  so  also  is  erery  fibril  that  forms  part 
of  the  heap  within  the  surfieu^e ;  for  ligaments  proceed  firom  the 
common  tunic,  that  bind  every  fibril^  and  tie  it  down  to  the 
common  service.  Such  is  the  nexus  in  all  the  nerves^  in  all  the 
muscles^  in  every  moving  fibre  of  the  musdes,  in  all  the  hu^ 
viscera,  and  in  idl  the  lesser  parts  of  each.  Thus  the  tunic  of 
each  papilla^  which  appears  to  be  vascular^  communicates  every 
detail  of  touch  in  the  most  distinct  manner  to  the  several  parent 
fibres  of  the  same  papilla  (u).  These  connexions  are  evident  to 
sight  in  the  papillary  organ  of  the  cutis^  but  they  are  still  more 
evident  in  the  sense  itself  in  the  other  organs  of  which  we  shall 
speak  in  the  sequel.  The  same  thing  follows  again  as  a  matter 
of  rational  induction ;  for  if  compounds  are  aggregates  of  sim- 
ples {x\  then  of  course  the  common  mutation  itself,  which  is 
analogous  to  the  compoimd,  is  also  a  collection  of  simpler  mu- 
tations, or  a  sum  of  least  xmities ;  consequently  the  common 
sensation  that  results  from  the  papilla  as  a  unity,  is  the  coal- 
escence and  union  of  simpler  sensations :  for  which  end,  indeed, 
all  this  binding  together,  or  mediation  by  bonds  between  the 
scales,  the  corpus  reticulare,  the  pores,  and  the  surfaces  oi  the 
papillae,  and  between  these  and  their  parts,  is  instituted*  It  is 
also  a  necessary  adjunct  or  attribute  of  each  sensorial  organ, 
that  its  innermost  parts  exquisitely  perceive  every  mutation 


{t)  Bodies,  viscera,  members,  and  organs,  are  conjoined  by  bonds ; 
the  unities  themselves,  by  theirs ;  the  series  proximately  derived  from 
the  unities,  by  theirs ;  finally  the  composition  itself,  or  the  whole ; 
which  is  covered  with  a  coat,  as  the  bond  of  all,  or  the  common  bond, 
from  which  the  little  coats  and  bonds  of  the  other  parts  proceed, 
whereby  the  parts  are  bound  to  the  common  serrice,  «id  li^  in  a 
harmonious  division  of  labor  (n.  534).  How  this  obtains  in  the  nerves^ 
the  muscles,  the  liver,  &c.,  and  likewise  in  the  papillary  orgmi  of  the 
cutis.  (Ibid.) 

(«)  How  determinations  are  instituted  in  organic  forms,  and  accord- 
ing to  the  determinations,  fluxions  firom  the  outermost  to  the  innermost, 
and  vice  versd  (n.  540,  552). 

(;r)  As  demonstrated  above,  n.  541  ad  fin. 
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coming  from  without  (y) ;  iB  order  that  the  general  senaoriom 
may  drink  in  these  distinctions  by  its  organ^  and  thns  be  tho* 
roughly  aware  of  eyerything  that  is  done  in  the  ultimate  sphere. 
In  propOTtion  then  as  these  first  sensorial  fibres^  or  parents  of 
touchy  are  delicate^  in  proportion  as  their  order  and  connexion 
is  proper  and  becomings  in  proportion  as  they  are  free  to  act 
according  to  their  form^  and  yet  are  unanimously  devoted  by 
bonds  to  the  common  use^  in  the  same  proportion  they  receire 
mutations  with  promptitude  and  facility.  For  organic  forma 
are  perfect^  in  proporticm  as  th^  parts  are  placed  distinctily 
with  respect  to  eadbi  othnr;  but  yet  eoxumr  unanimously  to  pro- 
duce common  effects  (n.  685). 

568.  We  may  $ee  by  cakulaUon  how  many  myriads  ^  muda^ 
tiona  conHUuie  one  particular  qf  touch.  For  the  purpose  of 
con^>uting  these  myriads^  let  us  assume  the  calculation  of  Leeu- 
wenhoek ;  that  136,000  of  Ae  pares  or  ezhalant  vesseli  under 
the  little  scales  of  the  epidermis,  open  in  a  space  that  may  be 
covered  by  a  sin^  grain  of  sand  (z).  Multiply  this  number 
by  the  fibres  and  vessels  that  are  woven  or  wound  to  form  tiie 
canals  and  httle  lips  of  these  pores;  and  again  by  those  that 
fill  the  little  frame  of  the  papilla,  as  well  as  by  the  vessels  on  ite 
surface,  and  by  the  bands  detached  theorefirom.  Add  to  this 
sum  the  stamina  that  enter  the  conitignous  parts  of  the  corpus 
reticulare,  and  the  ccmtignous  parts  oi  tihe  epidermis ;  for  Aose 
stamina  are  continuations  of  vessels  that  creep  up  from  the 
inferior  and  superior  plexuses,  and  cover  the  pafnlla  with  their 

(y)  For  touch  is  commonly  excited  by  oontiguous  objects  that  stndn 
the  connexion  of  the  parts,  and  eqwcislly  of  &e  Sbnag  in  the  organic 
body ;  or  influence  their  position,  order,  and  series,  and  thus  diange 
and  invert  their  states,  properties,  and  fonctions  (529>  556)«  Oar 
general  aensorinm  u  hid  in  the  cerebnnn ;  but  tiie  organ  ci  die  body 
acts  the  part  of  an  instrument  only ;  and  the  cerebrum  peroeiTas,  that 
b,  leeb  mutations,  by  the  organs  of  the  body  (n.  526).  The  process 
by  whidi  impressions  prodnoe  mutatieiifl^  and  these,  a  perception  in 
the  gmet^  sensorinm,  and  so  on  (n.  552). 

(z)  According  to  BoeAaave,  there  are  *' ezhalant  vessds  under  the 
little  scales  of  the  epidenms,  opening  obliquely,  and  of  sueh  cgLceeding 
fineness,  that  Leeuwenboek  recskons  that  125,000  of  them  open  in  a 
space  that  may  be  covered  by  a  single  sprain  of  sand'*  (n.  479). 

NN  2 
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extremities  (a).  Add  to  these  again  the  whole  multitiide  of 
stamina  and  vessels  that  are  spread  nnder  the  papillse^  nay^  that 
are  inserted  into  the  cutaneons  glands ;  for  they  all  yield  when 
any  single  papilla  or  little  papillary  series  is  touched.  Now 
multiply  this  a^regate^  which  will  be  sufficiently  large,  by  the 
fibres  that  construct  and  produce  those  vessels  and  filaments ; 
fi>r  everything  springs  firom  fibres.  In  the  last  place  reckon  up 
tiie  amount,  and  see  what  the  sum  is.  Well,  we  shall  find  it  so 
large,  as  not  to  admit  of  being  expressed  by  numbers,  but  only 
by  myriads ;  nay,  when  the  myriads  themselves  are  made  into 
unities,  these  unities  must  a  second  time  be  reduced  to  myriads, 
before  the  understanding  can  comprehend  the  sum  resulting 
firomthem ;  and  this  if  only  a  point  of  skin  equal  in  extent  to 
one  grain  of  sand,  shall  have  been  touched. 

564.  T%e  nmiatiom  that  exist  anumg  the  fibrei  m  each  papilla, 
give  the  real  essence  ami  l^e  that  there  is  in  this  sense.  The  least 
fibres  that  conceive  and  engender  each  papilla,  are  what  give 
esse  BXkdposse,  or  essence  and  pot^icyi  to  the  papilla,  as  a  com- 
pound; consequently  are  what  give  it  the  possibility  to  act  and 
to  su£fer,  or  impart  to  it  the  power  of  acting  and  sufiSering :  if 
this  be  the  case,  it  follows,  that  theiy  are  really  also  what  enable 
it  to  feel,  or  to  live  by  the  sense  of  feeling;  for  the  papilla 
possesses  nothing  of  itself  that  it  does  not  derive  from  its 
primitives  (6).    The  fibres  afford  the  means  of  induction  le- 

(a)  The  corpus  reticolire  and  the  epidermis  are  a  prodnction  fix>m 
the  ultimate  ramification  of  the  arterial  vesseb  (n.  497>  d).  Respect- 
ing the  scales  of  <he  epidermis,  Hebter  says:  '*£ven  Rnysch,  with 
his  finest  injections,  was  never  able  to  discover  vessels  in  the  [scales  of 
the  epidenms  or]  catide,  nor  has  any  anatomist  since  his  time  suc- 
ceeded in  demonstrating  them.  .  •  •  Although  of  course  . .  .  [the  epi- 
dermis] must  be  nourished  and  reproduced  by  a  subtle  fluid  of  some 
kind  (n.  470). 

(b)  As  follows  from  the  conclusion  at  which  we  before  arrived; 
namely,  that  compounds  are  the  aggregates  of  their  simples  or  unities 
(n.  541).  But  the  papiUary  series,  or  the  congeries  of  the  papillae, 
derives  firom  its  form  the  distinctive  character  that  we  see  it  to  possess ; 
but  a  papilla  considered  singly,  or  in  itself,  equally  derives  Uiis  from 
its  form, — from  the  form,  namely,  determined  by  its  fibres ;  such  is 
the  source  whence  essence  and  life  accrues  to  each  piqnlla.    But  the 
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specting  the  8en8e  it8elf ;  for  in  the  papillary  organ  of  the  cutia^ 
a8  in  a  mirror^  we  may  contemplate  the  sense  of  touchy  and  see 
the  nature  of  that  sense;  and  vice  versd :  the  one  being  exactly 
represented  in  the  other  (n.  548). 

565.  I^e$e  mutaiiam  that  esriit  wUMn  each  p€gnUa,  are  moMt 
diitinctiy  presented  to  the  soul,  which  alone  gives  the  power  to 
feel;  and  this,  aceordiing  to  the  orgamcform  in  which  the  soul  has 
disposed  and  combined  the  fibres  and  p^gnlla.  It  is  plain  firom 
what  has  been  already  shewn^  that  these  myriads  of  mutations 
existing  within  the  unity  of  the  sensorium^  that  is^  within  each 
papilla,  with  their  various  and  distinct  modes,  do  not  reach  our 
general  sensorium,  or  as  it  is  called,  our  consciousness ;  for  the 
papilla  is  the  unity  or  least  of  that  sensorium  (n.  549).  The 
same  truth  shines  forth  from  each  of  the  other  senses ;  for  ex- 
ample, from  sight,  in  the  least  ray  of  which  there  lies  such  an 
infinity  of  objects,  images  or  parts,  that  the  eye  cannot  but 
itself  acknowledge  and  wonder  at  its  own  darkness  and  blind- 
ness, as  soon  as  ever  a  microscope  is  called  in  aid;  for  what 
appeared  to  it  previously  as  a  dim  and  obscure  point,  is  now 
seen  to  comprehend  infinite  parts,  joined  in  the  most  beautiful 
order ;  perhaps  to  be  an  entire  living  body  with  all  the  organs 
and  members  that  exist  in  a  large  animal.  Likewise  from  hear- 
ing, taste,  and  smell.  These  iimumerable,  and,  to  our  sen- 
sorium, imperceptible  mutations,  cannot  but  refer  themselves  te 
some  intimate  sanctum  in  the  sensoria,  or  to  some  principle, 
that  is  the  first,  the  highest,  the  simplest,  the  most  remote, 
and  the  sole, — to  a  principle  in  which  life  is  involved,  and  the 
force  and  life  of  which  all  other  things  carry  out  and  live,  and 
which  causes  the  sense  itself  to  be  and  to  live :  this  principle  is 
what  we  term  the  Soul.    But  the  truth  is,  that  before  we  arrive 

essence  and  life  that  is  involved  in  the  sense  of  touch,  (not  in  each 
unity  thereof,)  results  from  the  entire  organ,  in  which  the  papillae  are 
r^;arded  as  unities.  The  reader  may  see  these  particulars  proved  in 
detail  above.  Thus :  the  sense  of  touch  derives  its  distinctive  generic 
character  from  its  fibres  (n.  561).  Unities  are  the  essential  determi- 
nations that  construct  the  form  (n.  539).  Unities  also  are  the  first 
efficient  canses  of  effects,  and  the  determinant  causes  of  uses  :  but  the 
reason  why  the  unity  is  such  a  cause,  is  contained  in  its  form  (n.  538). 
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by  analytic  inyestigation  at  sach  a  heiglit^  as  to  allow  qb  to 
represent  to  the  life  what  the  sonl  i8,  (which  we  hope  oltimately 
to  do^)  and  to  shew  that  it  is  an  essence  so  real,  that  it  is  the 
only  essence  by  which  we  live ;  and  that  it  is  absolutely  distinct 
from  its  and  onr  intellectual  mind  that  is  instructed  by  the  ex- 
ternal senses^ — ^before  this  is  the  ease,  it  must  itppear  like  an 
obscure  enigma  when  we  declare,  that  these  innumerable  muta- 
tions, with  their  momenta,  degrees,  sucoessifms,  and  yarieties, 
are  not  referred  to  the  general  sensorium,  which  is  omt  timer- 
moit,  but  to  that  sensorium  which  is  the  innermait  cf  omrs ;  in 
a  wcnrd,  to  the  soul;  and  are  perceived  distinctly  by  it  alone. 
For  it  is  a  fixed  and  certain  truth,  that  our  sensmum  cht  intel- 
lectorium  imbibes,  as  a  single  thing,  nothing  short  of  myriads 
of  mutations  taken  collectively ;  and  that  into  this  single  tiling  ' 
is  infbsed  by  a  higher  and  inner  principle,  that  which  lives  in 
sense,  or  which  is  the  soul  of  sense  (n.  564) ;  and  that,  inas- 
much as  it  penetrates  thither,  it  is  called  a  sensation,  and 
perceived  and  discamed  by  our  general  sensorium.  For  this  is 
proved  by  everjrthing  that  takes  place  in  the  cutaneous  drcum- 
ference,  and  everywhere  else  in  the  universal  body.  From  thete 
consideraiioHg  it  is  vum^sst,  thai  the  sens&ruh-orffamc  farm  cf 
touch  is  twofold;  namety,  one  form  sin^,  the  other  compound; 
and  that  the  compound  arises  from  the  simple :  but  yet,  Mhos^ 
the  form  appears  double,  it  is  nevertheless  one  in  this  respect,  that 
both  its  elements  together  produce  this  sense.  Also  that  the  simple 
or  fibrillary  form  immediately  refers  its  modes  ef  sensation  to 
nature,  or  to  the  soul,  in  wMch  that  nature  is  involved;  but  that 
the  compound  or  papillary  form  immedUUely  refers  its  modes  to 
the  general  sensorium,  or  to  our  understanding,  to  which  such  sen* 
sorium  is  assigned. 

566.  7%e  soul  has  so  organized  the  body  (c),  that  it  [namely, 

(e)  Limy  Economy  of  the  Animal  Kingdmn,  tr.  i.,  n.  253— 270»  it  was 
proved  by  a  great  number  of  considerations  and  by  modi  eipcrimeiital 
eridenoe,  that  **  there  is  a  certain  fbrmatiye  substance  and  force,  that 
draws  the  stamen  or  thread  from  the  first  living  point,  and  afterwards 
continues  it  to  the  last  pomt  of  life ;  of  whidi  substanos  and  force, 
from  defect  of  terms,  scucdy  anytlung  can  be  predicated  aikqoately» 
exceptiBg  that  it  is  the  first,  the  meat  perfect,  the  most  uaversal,  and 
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the  9(ml\  %$  amadoui  by  means  qf  the  senses,  and  by  means  of 
touch  particularly,  qf  whatever  happens  in  its  extreme,  that  is, 
outermost  and  innermost  spheres  {d),  as  well  as  in  its  intermediate 
sphere ;  tn  order  that  from  the  first  moment  of  bodily  life  to  the  last, 
it  may  keep  all  and  singular  things  under  its  auspices,  and  dispose 
them  according  to  contingencies.  The  8iinple8t  or  first  fibres, 
from  whick  the  compound  or  true  nervous  fibres  are  derived  (e), 
are  the  universal  and  principal  determinations  of  the  forms  of 
the  whole  body(/);  for  everything  that  exists  is  framed  of 
fibre.  Wherever  there  is  a  fibre,  and  a  tactile  object  that  moves 
it,  there  also  there  is  the  sense,  which  is  properly  called  touch  {g) . 

the  most  simple^  of  the  substances  and  forces  of  its  kingdom ;  and 
that  this  most  real  force  and  substance  is  the  soul." 

(d)  It  was  demonstrated  m  Part  II.,  p.  284,  285,  n.  440,  {b),  that 
both  the  innermost  and  the  outermost  things  are  the  extremes  of  the 
fibres.  For  such  is  the  mode  of  circumgyration  and  circuition  in  the 
organic  body,  that  those  things  that  are  outermost,  go  towards  the 
innermost,  and  that  the  fibres  place  their  ultimate  goals  in  both  these 
spheres.  Thus  the  innermost  membrane  of  the  pleura  becomes  the 
outermost  membrane  of  the  pericardium;  and  the  same  occurs  in 
other  parts ;  for  what  is  the  innermost  in  the  stomach  is  the  outermost 
in  the  tongue,  as  evidenced  by  the  pajNlllary  membranes  of  the  stomach 
and  tongue. 

(tf)  I  intend  to  demonstrate  in  the  Part  on  the  Fibre,  that  the 
fibres  seen  with  the  microscope  in  the  nervous  fascicles,  are  not  the 
first-bom,  but  are  formed  of  simpler  fibres.  This  is  plain  enough 
from  the  single  circumstance,  that  these  fibres  are  most  fine  canals,  as 
proved  to  ocular  demonstration,  and  consequently  are  surrounded  with 
a  little  tunic ;  which  Uttle  tunic  must  derive  its  origin  firom  simpler  and 
prior  fibres.  Thus  we  may  call  the  latter  fibres  simple,  but  the  former 
compound,  or  genuine  nervous  fibres. 

(/)  Unities  and  continuations  of  unities  are  the  essential  determi- 
nations that  construct  the  form  of  the  whole,  or  the  commQu  form ; 
but  fibres  with  vessds  are  the  essential  determinations  that  construct 
the  forms  of  the  unities,  or  the  particular  forms  (n.  539 — 541).  And 
the  fibres  are  the  universal  determinations.  (Part  I.,  p.  487—489, 
n.  313,  314.)  Respecting  the  simple  fibre  and  the  nervous  fibre,  see 
Ibid.,  p.  489,  490,  n.  315  (k). 

{g)  Touch  is  commonly  excited  by  contiguous  objects  that  strain 
the  connexion  of  the  parts,  and  especially  of  the  fibres,  in  the  organic 
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In  the  whole  of  this  body  or  system  constructed  principally  of 
fibres^  there  is  no  pointy  still  less  any  conglobation  of  points^ 
lines^  or  areas,  that  is  not  pressed,  and  rubbed  or  chafed  inces- 
santly, by  some  fluid  and  active  object.  The  yessels,  even  the 
capillaries,  are  so  treated  by  their  blood  and  serum ;  the  lac- 
teals  and  lymphatics,  by  the  chyle  or  lymph;  the  pores  and 
passages,  by  some  humor ;  the  glands  and  cells,  by  the  essences 
that  fill  and  flow  through  them ;  in  like  manner  the  other  re- 
cesses and  openings,  small  and  lai^.  No  yacuum  or  empty 
space  exists,  for  this  would  cause  the  part  to  collapse  and  perish. 
Therefore  we  nowhere  find  any  little  place  or  space,  where 
some  fibre  is  not  touched,  and  the  principle  of  the  fibre  admon- 
ished by  the  touch  (A),  whether  this  principle  be  in  the  cere- 
brum, or  in  the  cerebellum.  These  are  the  signs  and  proofs, 
from  which  •  the  innermost  sensorium,  (where  the  soul  resides, 
or  over  which  it  presides,)  is  instructed  respecting  the  state  of 
the  body,  and  of  each  of  its  viscera,  and  affected  correspond- 
ently;  and  thus  is  excited  to  concurrence,  or  to  render  assist- 
ance; whence  the  disposition,  out  of  which  arise  the  effect  and 
use  that  touch  produces  (t).     From  this  modification  in  the 

body ;  or  influence  their  position,  order,  and  series,  and  thus  change 
and  invert  their  states,  properties,  and  functions  (n.  529,  556).  Not 
only  in  the  papillary  cutis,  but  in  every  fibrous  textore  whatever 
(n.  530).  Nay,  even  in  the  other  organic  sensoria  (n.  525,  530).  But 
the  touches  made  internally  in  the  viscera  do  not  arrive  at  the  percep- 
tion of  the  general  sensorium  (n.  527). 

(A)  In  ally  even  the  very  least,  recesses  and  spaces,  there  is  some 
humor  or  volatile  vapor  that  permeates  and  flows  round  them.  (Part  II., 
p.  269,  270,  n.  433,  a.)  The  principle  of  the  fibre  is  aware  of  all 
that  befalls  the  fibre  in  both  its  extreme  and  intermediate  parts :  see 
n.  526,  where  it  is  shewn,  that  in  touch  we  have  a  type  of  that  sen- 
sation by  which  the  viscera  are  affected  in  their  innermost  parts,  par- 
ticularly the  viscera  of  the  abdomen,  as  the  oesophagus,  the  stomadi, 
the  intestines,  the  ureters,  the  bladder;  where  similar  papillary  fibres 
are  seen,  which  are  pressed  by  tactile  objects  of  a  not  dissimilar  cha- 
racter. 

(t)  According  to  what  was  shewn  above ;  namely,  that  in  touch,  as 
in  all  the  other  senses,  there  is  first  an  impression,  involving  in  it  an 
action ;  next  a  mutation  answering  to  the  impression,  and  a  reaction 
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structtires^  and  from  its  own  affection  corresponding  thereto^ 
the  soul^  as  we  before  said^  is  instructed  respecting  objects^ 
as  to  their  particular  character  and  fitness  relatively  to  the  blood 
and  the  spirit ;  and  in  fact^  in  the  little  mouths  of  the  pores  of 
the  skin^  respecting  th^  ethereal  elements^  that  fly  thereto  in 
abundance,  and  come  in  contact  with  their  delicate  little  lips ; 
and  which,  if  they  are  congruous  and  kindly,  it  catches  up  and 
lets  in  j  but  if  incongruous,  spits  back  and  repels  (A) :  and  it 
disposes  those  pores  suitably  to  every  necessity  and  demand  of 
the  body;  as  clearly  proved  to  us  by  the  phenomena  of  the  per- 
spiration ;  the  causes  of  which  phenomena  are  utterly  hidden 
from  us,  because  this  very  sense  itself  is  utterly  hidden.  The 
same  is  the  case  in  the  stomach  and  intestines,  where  explora- 
tion is  made  by  an  analogous  touch,  as  to  what  there  is  of 
useful,  and  what  of  injurious,  in  the  parts  of  the  food ;  as  to 
the  quantity  and  powers  of  the  salivas ;  and  as  to  the  condition 
of  the  chyle,  which  is  worked  and  rolled  until  it  is  sufficiently 
pliant  and  round  (Q,  and  the  touch  of  it  will  no  longer  provoke 
and  irritate  the  fibre,  or  the  little  lips  of  the  pore  into  which  it 
is  about  to  be  received.  That  there  is  a  perpetual  advertence 
or  sense  of  the  kind,  is  evident  from  the  very  frequent  changes 
that  these  viscera  undergo,  in  correspondence  to  the  character 
of  the  food  they  receive,  and  of  the  humor  that  flows  through 
them ;  which  changes  would,  in  fact,  exist  without  a  cause,  if 
without  a  sense  like  this  :  not  to  mention  the  other  organs  and 
viscera,  which  while  they  live  under  an  analogous  sense,  live 

corresponding  to  the  action ;  then  a  perception  of  the  mutadon ;  forth- 
with according  to  the  perception,  an  affection ;  according  to  the  affec- 
tion, a  disposition  to  the  preservation  of  the  part  or  the  whole ;  then 
an  effect  embodying  the  use  that  the  sensation,  namely,  touch,  pro- 
duces (n.  552). 

(k)  The  aliments  that  serve  as  nutriment  to  the  spirit  and  the  blood, 
are  insinuated  through  the  cuticular  pores  (n.  492,  493).  And  those 
most  pure  atrial  and  ethereal  aliments  that  wash  against  the  little 
mouths  of  the  subtlest  pores,  are  either  admitted  or  repelled,  according 
to  the  bidding  or  advice  of  a  certain  occult  sense  (n.  504,  509). 

(/)  The  particles  of  the  chyle  are  round  and  globular,  and  not 
rough  and  angular,  and  therefore  cannot  irritate  the  fibre.  See  the 
citation  firom  Leeuwenhoek,  P^  I.,  p.  115,  n.  90. 
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under  the  anspicet  of  the  90vl,  omnipresent  by  means  of  this 
sense;  and  all  of  which,  in  general  and  in  particular,  enter 
into,  and  take  upon  them,  an  infinite  variety  of  states  (m), 
corresponding  exactly  to  objects,  which  are  to  be  treated  either 
gently  or  harshly,  to  meet  every  requirement  of  use.  From 
this  ground  all  the  innumerable  species  of  appetites,  dislikes, 
desires,  affections,  and  even  of  instincts,  derive  their  occult 
origins ;  as  consequently  does  all  that  mysterious  and  wonderful 
play  of  operations  that  is  commonly  ascribed  to  nature :  yet 
what  is  nature  but  a  dead  thing,  that  <«ly  serves  life  as  an  in- 
strumental cause,  absolutely  subject  to  the  firee  direction  of  an 
intelligent  Being,  who  uses  it  to  advance  ends  by  means  of 
effects  (n)?  wherefore  to  attribute  life  to  nature,  or  what  is  the 
same  thing,  to  place  tiie  vicissitudes  and  forms  of  living  organs 
under  the  auspices  and  government  of  nature,  is  a  contradiction 
in  the  very  object  or  adject. 

567.  jy  any  paariick  in  the  Uvmff  fabriea  qf  the  body  be  destu 
kde  of  the  seuH  qf  touch,  it  is  al$o  destitute  qf  life.  For  the 
soul  has  so  organized  the  body,  that  it  [the  soul]  is  conscious 
by  means  of  sense,  and  by  means  <^  touch  particularly,  of 
whatever  happens  in  its  extreme  and  middle  spheres ;  in  ord^ 
that  it  may  keep  all  and  ringnlar  things  under  its  auspices,  and 
dispose  them  according  to  ccmtingendies  (n.  666,  529).  Where- 
fore sense  is  the  proof  ^  life,  and  <^  the  union  of  the  body 
with  the  soul,  and  tiie  sign  thiA  a  member  is  conjoined  in  society 
with  odiers,  and  bound  to  the  laws  ^  that  order  which  the 
soul  has  instituted  and  constantly  maintains.  For  if  a  part  is 
loosened  firom  its  bonds,  it  no  longer  acts  in  consort,  or  in  the 
end  which  conjunction  is  designed  to  serve  j  and  thus  does  not 
communicate  with  the  principle  of  the  fibre,  or  derive  the  laws 
of  its  office  therefirom :  hence  it  is  not  present  in  the  idea  and 
intuition  of  the  universal  essence,  and  therefore  is  not  taken 
care  of  by  it,  but  wanders  like  an  alien  whither  chance  carries 
it,  and  so  in  no  long  while  is  consumed,  wastes,  is  disjoined, 

(m)  Respecting  the  changes  of  state  that  the  viscera  undergo, 
see  shove,  n.  490,  513— 517>  537. 

(fi)  The  reader  may  see  this  explamed  more  fully  in  my  Eamomy 
of  the  Anmal  Kingdom,  tr.  ii.,  n.  234—238. 
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and  at  length  is  rejected  as  dead.  This  is  certain  from  an 
actual  inspection  of  parts^  which  after  being  displaced,  deprived 
of  sense,  eroded,  or  having  in  any  other  way  escaped  from  the 
common  bond,  as  in  gangrene,  sphacelns,  cancer,  are  in  a  short 
time  cast  out  of  their  own  borders  and  kingdom,  as  burdensome 
and  putrid. 


THE    USE    OF   TOUCH. 

568.  The  uses  of  the  sense  and  sensorium  of  touch,  are, 
I.  To  perceive  all  changes  of  state  occurring  in  the  circumambient 
world,  and  communicate  them  to  us  :  and  thus  to  keep  both  watch 
and  ward ;  to  notice  whatever  happens,  and  by  means  of  its  organ 
placed  on  guard,  to  protect,  at  the  same  time  that  it  institutes 
communications.  The  atmospheres  of  the  circumambient  world 
he  incumbent  upon  the  animal  microcosm ;  and  press  all  points 
of  its  body  with  a  force  and  weight  proportioned  to  their  co- 
lumn :  the  papillary  substance  of  the  cutis  sustains  in  the  first 
instance  the  incumbency,  granty,  and  force  of  the  atmospheres 
(n.  485,  491).  It  likewise  receives  in  itself  in  the  first  instance 
all  the  changes  of  state  in  the  atmospheres, — their  heat,  cold, 
dryness,  moisture,  in  all  their  variety,  their  partial  motions 
[and  general  perturbations],  and  communicates  them  to  us  by 
means  of  touch  (n.  485).  The  cuticle,  like  a  coat  of  mail,  pro- 
tects the  sensitive,  soft  and  agile  tunics  that  it  covers  in, 
against  injmy  from  the  surrounding  air,  against  its  heat,  cold, 
perturbations;  and  moreover  against  the  rough  and  stinging 
particles  of  its  vapors,  and  of  difi'erent  fluids  (n,  491).  And 
takes  upon  itself  in  the  first  instance  the  changes  that  wiU  arise 
in  the  body  from  the  world,  tempers  them,  and  tends  to  break 
their  force  (n.  491).  It  institutes  the  proximate  communications 
between  the  circumambient  world,  and  the  corporeal  world  that 
it  encloses  (n.  492).  It  sends  out  obsolete  volumes  of  effluvia, 
and  sweats  consisting  of  useless  lymph  and  rancid  fat,  and  dis- 
perses them  into  the  contiguous  air  (n.  493).  It  also  sucks  in 
the  same,  and  insinuates  them  into  the  new  formed  veins 
(n.  506). 
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569.  II.  To  amumnee  to  the  wndentanSmg  whaUver  cmm 
tn  contact  with,  a$$aU$,  or  beats  agamtt  the  skm ;  whai  ii  is,  till 
quality  and  quantity,  and  where  it  comes  from;  so  as  to  attosp  tM 
faculty,  from  the  evidence  of  the  impression,  to  judge  qf  what  ti 
intended;  and  at  the  same  time  to  put  the  body  either  m  a  state  tf\ 
protection,  or  in  a  way  of  taking  advantage  of  the  thing,  and  re-  \ 
ceiving  benefit  from  it.  Our  general  sensorium  is  laid  in  the 
cerebrum^  which  feek ;  but  the  organ  of  the  body  acts  the  pajt  I 
of  an  instrument  only.  The  cerebrum  manifests  to  us  whaterer 
it  feels  and  perceives  from  the  organs  of  the  body  (n.  528).  For 
in  the  organ  of  touch  there  is  first  an  impression,  involving  in 
it  an  action^  either  from  some  inert^  or  from  some  active  foroe, 
that  comes  from  without.  Next^  answering  to  the  impression, 
a  mutation  in  the  excited  part  of  the  sensorial  organ ;  and  henoe 
a  reaction  correspondmg  to  the  action.  Then  a  perception  of 
the  mutation  in  the  general  sensorium,  giving  rise  to  a  sen- 
sation. Forthwith,  according  to  the  perception,  there  arises 
an  affection:  according  to  the  affection,  a  disposition  to  the 
preservation  of  the  part  or  the  whole ;  or  a  change  of  state  in 
agreement  with  the  affection :  then  an  effect  embodying  the  use 
that  touch  produces  (n,  552).  The  objects  that  imprint  their 
likeness  upon  the  papillary  organ,  are  many  in  number;  to  wi^ 
all  things  whatever  that  change  and  affect  the  natural  state  of 
the  organ  or  its  parts  (n.  556). 

570.  III.  Touch  also  admonishes  the  ctrgans  qf  taste  and 
smell  of  the  existence,  quality,  and  quantity  of  that  which  is 
either  taken  in  openly,  or  glides  in  furtively,  and  which  those  or- 
gans  are  shortly  about  to  explore  in  a  different  manner  by  their 
senses.  Touch  is  present  distinctly  in  the  organs  of  all  the  other 
senses,  and  governs  in  a  general  manner  as  it  were  with  them 
as  companions  (n.  525).  Nevertheless  these  senses  are  different 
from  each  other  in  nature  and  character ;  this  being  proved  by 
the  origin,  degree,  effect  and  use  of  each,  as  well  as  by  the 
evidence  of  our  own  feelings  :  they  are  in  foct  so  widely  distinct 
as  never  to  approximate  save  in  absolute  obscurity  (n.  524). 
Every  sense  derives  its  distinctive  generic  character  fix>m  its  pa- 
rent fibres  or  unities  (n.  561).  For  in  the  organs  of  the  other 
senses,  and  particularly  in  those  of  taste  and  smell,  or  in  the 
tongue  and  the  nares,  touch  is  as  it  were  ensign-bearer,  and 
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announces  what  is  hurtfiil  or  profitable  to  them^  or  what  calls 
forth  or  impairs  their  general  power ;  and  this  is  the  reason  why 
touch  is  so  exquisite  in  the  edges  of  the  lips,  which  are  to  re- 
ceive the  future  objects  of  taste  in  the  first  instance ;  and  in  the 
cavities  of  the  nares  (n.  525),  which  are  similarly  to  receive  the 
Aiture  objects  of  smell.  As  for  taste  specifically,  it  perceives, 
or  explores  by  its  sense,  only  the  forms  of  parts  in  solution, 
that  is  to  say,  the  accidental  forms  of  parts,  but  not  quantities, 
as  large,  rnnaU,  mavy,  and  few,  which  even  in  the  tongue  itself 
are  the  objects  of  touch  (n.  556) ;  which  sense  indicates  to  the 
tongue  how  its  proper  sensation,  or  power  of  feeling  or  tasting, 
is  varied  by  those  objects.  For  taste  is  simply  blunted  by  laa^ 
objects,  sharpened  by  small,  overwhelmed  by  many,  and  dimin- 
ished by  few.  Nor  does  the  tongue  perceive  by  taste,  but  by 
touch,  mobility  and  quiescence,  moisture  and  dryness;  for  the 
papilla  of  taste  is  simply  excited  by  motion,  made  languid  by 
rest,  brought  into  erection  by  moisture,  and  contracted  by 
dryness.  Again  the  tongue  feels  heat  and  cold  by  touch  and 
not  by  taste ;  for  its  power  is  simply  wakened  up  by  heat  or 
warmth,  and  benumbed  by  cold.  Thus  touch  indicates  to  the 
tongue,  and  its  sensorium  of  taste,  the  existence,  quality,  and 
quantity,  of  that  which  is  either  taken  in,  or  glides  in,  and 
which  the  tongue  is  shortly  about  to  explore  in  a  different  man- 
ner by  its  sense. 

571.  lY.  That  those  which  appear  to  be  the  ultimate  qualities 
inherent  in  things,  may  be  known,  and  be  denominated,  according 
to  this  sense,  and  its  perceptions  and  affections.  For  hot  and 
cold,  rough  and  smooth,  even  and  uneven,  jagged  and  polished, 
hairy  and  bald,  solid  and  fluid,  dry  and  moist,  hard  and  soft, 
tremulous  and  torpid,  are  known  by,  and  denominated  accord- 
ing to,  this  sense ;  as  well  as  many  other  things,  of  which  with- 
out sense  there  would  be  no  perception ;  without  perception,  no 
affection ;  without  affection,  no  knowledge ;  and  without  know- 
ledge, no  naming  or  denomination.  And  this  is  the  reason  why 
the  formulae  of  a  number  of  words  involve  something  from  some 
of  the  senses :  and  frequently,  according  to  the  nature  of  the 
sensation,  or  of  the  affection  arising  therefrom,  these  formuke 
are  expressed  by  words  corresponding  in  sound  with  the  thing 
signified,  or  enunciated  by  accent,  either  acutely  or  gravely, 


Digitized  by  VjOOQ IC 


558  THB   ANIMAL   KINODOIC 

thinly  or  thickly,  smoothly  or  roughly :  particularly  aooording 
to  the  sensatioii  of  touch,  which,  assisted  by  sight,  has  a  wider 
sphere,  and  extends  to  more  numerous  and  more  general  things, 
than  the  other  senses.  But  the  above-mentioned  predicates  be- 
long to  the  sensorium,  but  not  to  touch  itself;  the  proper  pre- 
dicates of  which  are  pleasantnesses,  soothings,  titiUations,  un- 
pleasantnesses, pains,  and  the  like.  But  the  qualities  that  are 
explorod  by  this  sense,  are  only  the  ultimate  qualities  that 
appear  inherent  in  things;  for  touch  does  not  indicate  the 
essence,  form,  and  nature  that  objects  have  inwardly,  but  only 
that  they  have  outwardly;  consequently  only  their  figure  or  ex- 
ternal form  (n.  559). 

572.  y.  To  amumnce  to  tMe  soul  the  subtle  particle$  that  wash 
affoinst  the  Uttle  mouths  of  the  pores  of  the  skin,  and  that  will 
serve  as  aliment  to  recruit  the  organic  principles,  and  therewith 
the  higher  Itfe  of  the  body.  The  cuticle  institutes  the  proximate 
communications  between  the  circumambient;  worid,  and  the  cor- 
ppreal  world  that  it  encloses ;  that  is  to  say,  it  admits  from  the 
air  and  ether  comparatively  pure,  simple  elenents,  which  are 
in  harmony  with  the  natural  state,  and  sends  them  down,  aa 
new  aliment,  into  passages  that  lead  to  tUe  blood  (n.  492). 
The  pores  of  the  first  kind  have  their  origin  fix>m  the  first  com- 
position of  the  cutaneous  fibres ;  their  function  is,  to  suck  in 
the  purer  elements  of  food  firom  the  air  and  ether,  and  to  carry 
them  to  their  ends,  and  expend  liiem  upon  the  uses  of  Ufe 
(n.  504).  These  pores  immediately  convey  the  el^nental  food 
that  they  sip  fix>m  the  ethereal  and  celestial  auras,  through  their 
corporeal,  thus  venous,  fibres,  to  the  cortical  glands  of  the 
brain,  which  are  the  prime  laboratories  of  the  spirits  (n.  509). 
From  these  considerations  it  is  perfectly  clear,  that  the  ultimate 
sphere,  or  the  sphere  of  the  body,  subsists  and  is  nourished  en- 
tirely by  aliments  taken  from  the  bosom  of  the  earth;  but  the 
supreme  sphere  entirely  by  ethereal  provisions  and  celestial 
food,  liberally  and  largdy  supplied  through  the  exquisitely  de- 
licate mouths  of  the  cutis :  hence  that  our  purer,  superior,  and 
more  excellent  part  is  constantly  siqpported  and  recruited  from 
lieaven,  although  so  long  as  it  is  in  connexion  with  the  body,  it 
is  not  aware  of  the  high  food  <m  which  it  feeds  (n.  519).  For 
the  mutations  that  exist  within  each  papilla,  among  its  fibrea. 
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are  most  distinctly  presented  to  the  soul^  which  alone  gires  the 
power  to  feel  (n.  666).  For  the  soul  has  so  formed  its  body^ 
that  it  [the  soul]  is  consdons  by  means  of  the  senses^  and  by 
means  of  touch  particularly^  of  whatever  happens  in  its  extreme, 
that  is,  outermost  and  innermost  spheres,  as  well  as  in  its  in- 
termediate sphere ;  in  order  that  fix>m  the  first  moment  of  bo- 
dily life  to  the  last,  it  may  keep  all  and  singular  things  under 
its  auspices,  and  dispose  them  according  to  contingencies  (n. 
666).  Theref(»*e  if  any  particle  in  the  liying  fSeibrics  of  the  body 
be  destitute  of  the  sense  of  touch,  it  is  iJso  destitute  of  life 
(n.  567). 

578.  VI.  That  the  parts,  and  the  »er%e$  camtructed  of  parts, 
or  the  members,  may  be  excited  by  the  irritation  of  touch,  both  to 
undertake  and  go  through  their  Junctions.  The  potency  of  cor- 
poreal life  requires  to  be  excited  by  sensation,  before  it  can  act 
and  live  in  the  shape  of  force ;  for  potency  alone  has  no  results. 
Thus  when  we  are  excited  by  sense,  we  live  in  act,  and  this, 
according  to  the  mann^  in  which  the  organic  forms  are  deter- 
mined by  the  fibres,  and  in  which  the  latter  are  mutually 
connected  together,  and  correspond  in  general  and  in  particular 
to  the  objects  that  are  to  be  reoeiyed  (o).    We  cont^ni^ate  this 

(o)  To  explain  this  more  clearly,  for  the  sake  of  avoidiiig  the  hal- 
lucinations that  as  a  thing  of  course  proceed  from  obscority,  I  will 
illastrate  the  matter  in  a  few  words,  and  by  examples  only.  So  long  as 
any  organ,  as  in  the  present  case,  the  papillary  organ  of  the  cutis,  is 
not  excited  by  some  object,  it  remains  constantly  in  a  state  of  potem^, 
or  of  ability  to  develop  sense,  as  soon  as  anything  impeb  and  exdtes. 
For  all  things  that  live  in  the  body  are  formed  with  a  pow^  of  acting, 
or  of  living  in  action ;  and  do  not  enter  upon  their  tasks  and  functions, 
until  objects  present  themsdves,  knock  at  the  door,  or  flow  in.  But  it 
is  not  enough  that  tiie  hibncs  be  thus  determined  by  their  fibres,  and 
that  these  fibres  be  mutually  connected  with  each  other,  and  oorrespond 
in  common  and  in  particular  to  the  objects  :  in  addition  to  this,  there 
must  eonstatUly  he  involved,  or  eontinuaUy  be  it^hient,  a  parser  from 
above  or  within,  and  at  the  same  time  from  heUno  or  mthout,  m  order 
that  the  ergon  stay  be  in  a  state  for  receiving,  and  e^lying  to  itseff, 
that  which  is  offered  and  represented.  Let  us  take  the  eye  as  an  ex- 
ample. Unless  Ihe  power  of  receiving  images  fiow  into  all  its  fibres^ 
and  into  all  the  minutest  stamina  of  the  retina,  firom  the  innermost ; 
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in  the  sensorial  oif^ans;  for  the  tongue  is  roused  to  its  life, 
motion^  and  function^  by  edible  substances;  the  nostrils^  to 
theirs^  by  fragrant  odors ;  the  ear^  by  tones  and  musical  notes ; 
the  eye,  by  images ;  and  the  papilla  of  the  skin,  by  objects 
that  rub  against  it.  The  same  rule  holds  good  in  the  viscera  of 
both  regions.  The  trachea  and  the  lungs  are  excited  by  their 
air;  the  heart,  by  its  blood;  the  oesophagus,  stomach,  and 
intestines,  by  their  food,  salivaa  and  juices;  the  kidneys  and 
the  bladder,  by  their  urine ;  the  conglomerate  glands,  by  the 

and  unless  at  the  same  time  a  light  that  enlightens  the  whole,  flow  into 
its  common  fiibric  from  the  outermost,  the  images  that  present  them- 
selves by  variation  of  light  and  shade,  cannot  possibly  be  received, 
discriminated,  and  at  length  perceived.  And  a  similar  influx  is  requisite 
from  within  and  from  without  into  our  organic  principles,  where 
the  rational  sight  exists.  These  principles  remain  in  mere  potency, 
until  a  certain  rational  light,  or  life,  flows  in  from  the  soul,  or  from  the 
innermost ;  and  a  certain  fire  of  life,  passion,  or  love,  (which  are  the 
stimulants  of  corporeal  life,)  from  the  body,  or  from  without ;  in  this 
case  the  objects  that  insinuate  themselves  either  by  ocular  sight,  or 
by  the  memory,  fall  distinctly  into  the  understanding.  The  organ 
of  touch  is  similarly  kept  in  the  power  of  feeling  by  internal  and 
external  causes:  the  internal  causes  reside  in  its  least  fibres,  ever 
inspired  by  the  soul;  but  the  external  causes  Reside  in  its  common 
form,  which  corresponds  exactly  to  the  influx  and  operations  of  objects. 
Thus  this  power  is  constantly  there ;  and  does  not  flow  in  during  the 
day  only,  as  in  the  case  of  the  eye.  For  the  softness,  hardness,  and 
similar  properties  of  bodies,  are  perceived  correspondently  to  it  [the 
common  form]  and  its  qualities,  namely,  its  yielding,  softness,  and 
c^fMtbility  of  reacting.  According  to  its  vital  heat  or  warmth,  is  the 
sensaticm  communicated  by  every  temperature,  warm  and  cold,  that 
strikes  us  ;  for  besides  the  affections  arising  from  external  sensations, 
there  are  also  affections  from  internal  causes,  which  vary  our  senses, 
and  touch  particularly,  in  a  singular  manner  (n.  558).  These  then  are 
the  causes  that  create  potency,  and  constantly  preserve  it.  But  in 
order  that  an  active  force  conformable  to  the  potency,  may  be  excited, 
it  it  neceeeary  that  the  object,  to  the  operation  of  which  the  organ  hoe 
been  formed,  or  is  ultimately  instructed,  to  correspond,  should  come 
from  without,  and  imprint  an  image  of  itself;  and  that  the  organ 
should  read  agreeably  to  the  mutation  induced  by  the  impression 
(n.  552). 
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humors ;  the  conglobate  glands^  by  the  lymphs ;  the  spleen  and 
pancreas,  by  cruor  and  serum  of  their  kind ;  the  liver,  by  san- 
guigenous  chyles ;  the  gall-bladder,  by  its  gall;  the  members  of 
generation,  by  touches  and  agitations,  mutual  and  alternate. 
By  which  considerations  we  are  again  presented  with  the  con- 
clusion, that  if  any  particle  in  the  living  fabrics  of  the  body  be 
destitute  of  the  sense  of  touch,  it  is  also  destitute  of  life 
(n.  567). 


VOL.  II.    PART  III.    CHAP.  I.  O  O 
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THE   SENSE   OF  TASTE. 


574.  In  Part  I.,  which  treats  of  the  viscera  of  the  ahdomen  or 
the  organs  of  the  inferior  region,  we  spoke  in  the  first  place  of  the 
tongue  and  its  functions,  and  premised  the  anatomical  ohservations  of 
Heister,  Winslow,  Malpighi,  Swammerdam,  and  Boerhaave,  respect- 
ing the  tongue,  its  nerves,  arteries,  veins,  muscles,  glands,  conical 
corpuscules,  and  papillae :  and  therefore  here,  where  we  are  only  treat- 
ing of  the  sense  of  taste,  we  are  hound  to  preface  no  more  particulars 
than  concern  that  sense,  or  sensorium,  specifically.  Yet  on  account 
of  the  connexion  of  the  papillae  with  the  muscular  fibres,  that  is  to 
say,  on  account  of  the  relation  of  this  sense  to  the  action  of  the 
organ,  the  reader  will  find  it  expedient  to  procure  a  knowledge  of  the 
whole  fabric  of  the  tongue  from  the  authors  in  the  place  alluded  to, 
and  other  sources. 

575.  Heister.  "The  nerves  of  the  tongue  are  very  large  ;  con- 
sisting of  two  branches  from  the  fifth  pair  which  are  usually  thought  to 
be  gustatory,  and  of  two  from  the  ninth  pair  which  are  considered 
motor.  .  .  .  The  muscular  substance  of  the  tongue  is  surrounded  by 
three  involucra,  tunics  or  membranes.  The  external,  which  is  con- 
tinuous with  the  common  membrane  of  the  mouth,  forms  a  number 
of  pyramidal  and  globular  pouches  or  vaginulee,  which  are  porous,  and 
serve  for  receiving  the  nervous  papillae  of  the  third  membrane.  The 
middle,  or  membrana  reticularis  Malpighii,  consists  of  a  beautiftil  net- 
work, which  transmits  the  nervous  papillae  through  its  apertures  ;  this 
is  visible  only  on  the  upper  part ;  but  is  more  difiicult  to  detect  in  man 
than  in  brutes.  The  third,  or  membrana  papillaris  nervosa,  visible 
only  in  the  same  part  of  the  tongue  as  the  last,  contains  nervous  pa- 
pillae of  different  shapes,  but  chiefly  fungiform,  (similar  to  snail's  horns 
or  fungi,)  full  of  little  holes,  .  .  .  and  capable  of  protrusion  and  retrac- 
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tion;  also  p3rrainidal  papillae  large  and  smalls  and  sometimes  incur- 
yated.  Both  these  kinds  of  papillae  arise  from  the  internal  memhrane 
of  the  tongue,  and  from  its  nerves;  they  pass  through  the  little 
foramina  in  the  reticular  membrane,  and  terminate  in  the  Taginulse  of 
the  external  membrane.  These  papillae  are  the  primary  organ  of  taste." 
(Comp.  Anat.,  n.  285.) 

576.  WiNSLOW.  "  The  upper  surface  of  the  tongue  is  entirely 
covered  with  a  thick  membrane  or  tunic  of  a  papillary  texture,  upon 
which  Ues  a  fine  epidermoid  membrane,  which  is  likewise  continued 
over  the  lower  surface,  but  without  papillae.  Three  sorts  of  papillae 
are  distributed  over  the  upper  surface  of  the  tongue :  capitatae,  semi* 
lenticulares,  and  villosae.  The  papillae  of  the  first  kind  are  the  largest, 
resembling  httle  mushrooms  with  short  stalks.  They  He  on  the  base 
of  the  tongue  in  superficial  crypts  or  fossulae.  They  resemble  small 
conglomerate  glands,  seated  on  a  narrow  basis,  and  a  Uttle  hollowed  in 
the  middle  of  their  convex  side.  They  occupy  the  whole  surface  of 
the  base  of  the  tongue,  and  are  arranged  in  such  a  manner,  that  the 
anterior  ones  form  an  angle.  These  are  glandular  mammillae  or  papillae, 
or  salivary  or  mucilaginous  glands.  .  .  .  The  papillae  of  the  second  kind, 
or  lenticulares,  are  small  orbicular  eminences,  only  a  Uttle  convex,  the 
circular  border  of  which  is  contiguous  to  the  surface  of  the  tongue. 
When  we  examine  them  vrith  the  microscope  in  a  fresh  tongue,  we  find 
their  convex  sides  full  of  small  holes  or  pores,  like  the  end  of  the  spout 
of  a  watering  pot.  They  tie  on  the  middle  and  anterior  parts  of  the 
tongue,  in  greater  or  lesser  numbers,  and  are  sometimes  most  visible  on 
its  edges.  .  .  .  They  soon  lose  their  consistence  after  death,  so  that  by 
rubbing  them  several  times,  they  may  be  drawn  out  in  the  form  of 
small  soft  pyramids,  and  laid  dovm  on  one  side.  The  papillae  of  the 
third  kind,  or  villosae,  are  the  smallest  and  most  numerous,  and  occupy 
the  whole  of  the  upper  surface  of  the  tongue,  and  even  the  interstices 
between  the  other  papillae.  They  would  be  more  properly  named 
papillae  conicae,  than  villosae,  firom  the  figure  which  they  appear  to 
have  when  examined  in  clear  water  through  a  microscope.  They  are 
naturally  softish,  but  they  become  so  flaccid  after  death,  that  by  hand- 
ting  them  they  may  be  made  short  and  thick,  whereas  they  are  naturaUy 
long  and  smaU.  (Exp.  Anat.,  Tr.  de  la  Teste,  n.  506—512.)  Besides 
the  membranes  of  the  tongue  already  described,  it  is  customary  to 
mention  another, — ^the  membrana  reticularis ;  which  is  commonly  de- 
monstrated from  the  boiled  tongues  of  oxen  or  sheep,  and  some  assert 
that  it  exists  in  the  human  tongue.  (Ibid.,  n.  529.)  We  observe  four 
nervous  fascicuti  or  cords,  going  distinctly  to  the  base  of  the  tongu^ 
and  continuing  their  course  to  the  apex.     Two  of  these  are  branches  of 
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the  inferior  maxillary  nerres,  or  of  the  third  branch  of  the  fifth  pair 
from  the  medulla  oblongata.  The  other  two  are  branches  of  the  ninth 
pair.  .  .  .  The  lesser  portion  or  first  branch  of  the  eighth  pair,  sends 
likewise  a  nerve  to  each  side  of  the  tongue.  The  great  lingual  nenre 
on  each  side  gUdes  forwards,  .  .  .  and  is  distributed  to  the  muscular 
fibres  all  the  way  to  the  apex  of  the  tongue ;  communicating  by  sereral 
filaments  with  the  small  hngual  nerve  or  branch  of  the  fifth  pair,  and 
with  the  nerve  from  the  eighth  pair.  .  .  .  The  small  lingual  nerve  on 
each  side  separates  from  the  maxillaris  inferior,  sometimes  at,  and 
sometimes  above  its  passage  between  the  two  pterygoid  muscles.  After 
separating  more  and  more  firom  the  trunk,  it  passes  under  the  lateral 
part  of  the  tongue,  over  the  sublingual  gland.  It  gives  filaments  to 
the  nearest  parts  of  the  tongue  as  it  passes,  and  then  entering  its  sub- 
stance terminates  at  the  apex,  having  sent  a  great  number  of  filaments 
to  the  papillary  membrane.  It  communicates,  as  has  been  said,  .  .  . 
with  the  nerve  firom  the  eighth  pair.  (Ibid,,  n.  533 — 535.)  The  Un- 
gual nerve  of  the  eighth  pair,  which  is  the  first  branch  of  this  pair, 
runs  first  of  all  on  the  inside  of  the  digastric  muscle  of  the  lower  jaw, 
and  gives  filaments  to  the  genio-hyoideus,  the  neighboring  muscles  of 
the  base  of  the  tongue,  and  those  of  the  pharynx.  Afterwards  it 
gives  out  ramifications  and  forms  anastomoses,  .  .  .  and  lastly  goes  to 
the  lower  part  of  the  tongue,  where  it  communicates  with  the  lingual 
branches  of  both  the  fifth  and  ninth  pairs."  (Ibid.,  n.  538.) 

577.  Malpighi.  '*  In  the  exterior  or  superior  part  [of  the  tongue 
of  the  ox],  ...  an  immense  number  of  bodies,  disposed  in  a  kind  of 
series,  rise  from  the  surface,  and  slightly  curving,  exhibit  a  uniform 
inclination  and  position  towards  the  posterior  part  of  the  tongue ;  so  as 
to  resemble  a  carding  comb.  ...  In  the  ox  they  are  cartilaginous,  and 
seem  to  have  a  particular  resemblance  in  figure  to  the  teeth  of  the  boar 
and  other  similar  teeth ;  and  inferiorly  they  exhibit  a  concavity,  at 
their  roots  especially.  They  are  composed  of  a  dense  and  tough  mate- 
rial, which  looks  like  a  collection  of  Uttle  twigs.  ...  All  these  comua 
are  invested  by  the  external  membrane  of  the  tongue,  so  that  when 
this  membrane  is  pulled  off,  the  external  covering  of  the  comua  is 
pulled  off  with  it.  ...  The  conical  and  obtuse  bodies  which  supply 
the  place  of  the  comua  at  the  base  of  the  tongue,  are  evidently 
hollow,  and  their  substance  becomes  so  thin  and  so  much  dilated,  that 
it  not  only  affords  room  for  the  nervous  papillae  to  enter  them  from 
beneath,  but  is  also  transparent.  .  .  . 

"When  this  membrane  [the  membrane  in  which  the  comua  are 
implanted]  is  .  .  .  pulled  off,  .  .  .  we  observe  a  kind  of  glutinous  sub- 
stance, extending  over  the  superior  part  of  the  tongue  especially,  and 
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of  some  thickness.  ...  It  extends  in  the  fonn  of  a  membrane^  or 
thick  rete,  and  has  conspicuous  openings  corresponding  to  all  the 
comua;  and  innumerable  little  canals  between  them,  which  can  be 
seen  only  by  the  microscope :  these  are  of  different  shapes,  and  open 
on  the  surface  of  the  tongue,  whence,  if  it  be  torn  across,  or  examined 
by  the  microscope  up  against  the  light,  they  become  visible ;  and  inas- 
much as  an  accurate  view  shews,  that  on  the  inside  this  membrane 
represents  a  dark-colored  rete.  ...  I  therefore  think  it  ought  to  be 
regarded  as  a  cribriform  and  reticular  substance.  .  .  .  The  glutinous 
substance  extends  completely  over  the  upper  area  of  the  tongue ;  at  its 
sides  the  dark  portion  is  nearly  obliterated ;  but  traces  of  it  are  visible 
in  the  palate  and  even  in  the  cheeks. 

"  After  examining  the  glutinous  substance,  we  next  come  to  a  nerv- 
ous and  papiQaTy  substance,  of  a  yellowish  white  color ;  extending  in 
the  form  of  a  membrane  over  the  whole  of  the  superior  area  particularly, 
and  of  considerable  depth.  This  substance,  on  its  inner  surface,  where 
it  is  connected  to  the  muscular  parts  of  the  tongue,  appears  smooth 
and  even ;  with  the  exception  of  certain  nervous  connexions  or  pro- 
cesses, scattered  here  and  there  between  the  fleshy  fibres,  and  to  which 
it  is  connected,  or  rather  grows.  On  the  exterior  part,  however,  it  is 
rendered  uneven  by  certain  remarkable  nervous  papillae  which  proceed 
from  it,  and  which  are  disposed  in  a  very  astonishing  order.  In  the  ox, 
the  goat,  the  sheep,  and  in  the  human  subject,  these  papillae  may  be 
divided  into  three  kinds,  according  to  their  threefold  configuration  and 
magnitude.  Some  are  much  larger  than  the  rest ;  these  are  situated  at 
the  sides  of  the  apex  particularly,  between  certain  others  to  be  men- 
tioned presently :  they  are  disposed  in  a  square  on  the  superior  area  of 
the  tongue  ;  about  its  middle  region,  where  it  becomes  white,  very  few 
are  observed :  but  there  are  some,  and  those  of  considerable  size,  at 
the  sides  of  the  base.  In  substance  and  shape,  these  resemble  the 
emissile  and  retractile  comua  which  are  observed  in  snaib ;  they  stand 
on  a  long  peduncle,  which  having  risen  through  the  mucous  substance, 
ends  in  a  little  round  head,  that  is  placed  in  a  sort  of  cavity  in  the 
thin  exterior  membrane.  They  originate  from  the  nervous  and  papil- 
lary substance  ;  for  they  are  continuous  with  it,  and  the  same  circum- 
stances, and  a  very  similar  structure,  are  observed  in  both.  They  have, 
however,  this  peculiarity,  (which  I  hear  has  also  been  observed  by  Fra- 
cassatus,)  that  in  the  base  of  each  there  is  a  nervous  twig,  to  which 
it  is  appended,  or  rather  grows.  The  nervous  papillae  of  the  second 
kind  are  more  numerous  than  those  just  mentioned ;  corresponding  on 
the  inside  to  the  comua  on  the  outside  of  the  tongue.  Proceeding 
from  the  common  papillary  substance,  they  rise  to  some  height,  and 
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from  their  sammits  put  forth  nervous  offsets,  which  enter  the  cavities 
before  spoken  of,  and  meet  the  roots  of  the  comua ;  they  are  surrounded 
by  aknost  innumerable  papillae  from  the  same  origin,  and  which  rise  to 
the  same  height,  but  which  are  conical  and  more  slender,  and  entering 
particular  cavities  in  the  mucous  substance,  at  length  terminate  in  the 
direction  of  the  external  membrane.  About  the  base  of  the  tongue, 
instead  of  the  comua,  the  nervous  papillae  already  described  project 
outwards,  and  changing  their  form  as  they  approach  the  base,  they 
successively  become  more  obtuse,  rounded^  and  depressed:  and  the 
largest  of  them  are  not  very  much  unlike  those  observed  in  the  cheeks, 
at  the  roots  of  the  teeth.  It  should,  however,  be  noted,  that  the 
same  papillary  substance,  and  both  the  coverings  under  it,  are  found 
also  in  the  palate  and  cheeks,  although  in  a  very  attenuated  form ;  but 
with  this  difference,  that  larger  papillae  stand  out  in  these  places  in  the 
form  of  cones,  and  near  them  are  excretory  vessels,  implanted  in  sub- 
jacent glands,  and  among  the  vessels  are  scattered  a  few  very  minute 
nervous  papillae.  .  .  .  Many  nervous  twigs  proceeding  from  die  trunk 
terminate  in  the  nervous  and  papillary  substance.'^  (Exereit.  Epiitolie. 
de  Lingud.) 
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578.  The  objects  of  taste  consist  qf  parts  of  the  three  king- 
dotns,  to  wit,  the  mineral,  the  vegetable,  and  the  animal,  wldch 
parts  are  comminuted  and  dissolved  in  their  aqueous  and  other 
liquid  menstrua,  and  in  the  scUioas  particularly,  and  on  being  op- 
plied  to  the  little  sensoria  of  the  tongue,  are  perceived  as  to  their 
qualities ;  the  perception  or  sensation  itseff,  is  called  taste.  It  is 
clear  that  the  objects  that  excite  the  feeling  of  taste  consist  of 
very  minute  parts^  that  come  out  at  last  from  the  solutions  of 
the  food^  and  swimming  in  fluid  menstrua^  are  applied  by  them 
as  vehicles  to  the  sensorial  papillae ;  this  being  proved  by  the 
first  origin  of  those  parts  from  their  parent  kingdom ;  by  the 
process  of  comminution  and  solution  that  they  imdergo ;  by  the 
nature  of  the  chyle,  serum,  and  blood  into  which  they  change ; 
and  lastly  by  those  parts  that  are  discharged  in  the  form  of 
urine.  By  the  origin  of  those  parts  from  their  parent  kingdom ; 
that  is  to  say,  in  the  first  instance  from  the  earth,  or  from  its 
proper  kingdom,  the  mineral;  for  out  of  this  the  vegetable 
kingdom  is  generated,  brought  forth,  and  maintained;  from 
which  at  length  comes  the  animal  kingdom :  thus  whatever  ar- 
rives by  order  of  succession  in  the  animal  kingdom,  appears  to 
be  taken  originally  fix)m  the  mineral,  but  to  be  transferred  into 
the  animal  body  by  the  mediation  of  the  vegetable  kingdom. 
By  the  process  of  comminution  and  soltUion  that  they  undergo ; 
for  the  materials  taken  by  the  lips  and  mouth,  are  ground  be- 
tween the  teeth  by  the  action  of  the  lower  jaw,  and  are  still 
more  exquisitely  comminuted  by  the  tongue ;  the  buccal  parietes 
and  the  palate  conjointly  assisting,  and  the  liquids  drank,  and 
those  expressed  from  the  succulent  food,  and  above  all,  the  sa- 
livas, lending  their  aid ;  and  this,  until  the  above  materials  have 
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been  reduced  to  the  parts  that  float  in  those  liquid  menstrua,  or 
vehicles,  and  are  applied  for  the  purposes  of  taste  to  the  little 
individual  oi^ans  of  that  sensorium  {p).  By  the  nature  qf  the 
chyle,  serum,  and  blood  into  which  they  ctumffe,  or  for  the  pre- 
paring and  nourishing  of  which,  they  serve :  for  all  the  food 
that  is  taken  by  the  mouth,  ground  by  the  teeth  and  .tongue, 
and  entrusted  to  the  stomach,  is  for  the  sake  of  the  blood  (g) ; 
and  when  the  latter,  or  its  serum  or  chyle,  is  explored  chemi- 
cally, then  the  origin  and  character  of  the  minimally  reduced 
parts  themselves  that  are  applied  on  the  very  threshold  to  the 
papillse  of  taste,  begin  to  be  manifest.  Lastly,  by  those  parts 
that  are  discharged  in  the  form  qf  urine :  for  those  matters  that 
do  not  admit  of  being  comminuted,  sucked  out,  and  purified 
so  as  to  become  chyle,  are  rejected  as  dead,  in  the  form  of 
alvine  faeces ;  and  those  that  are  separated  as  stale,  antiquated, 
and  useless,  from  the  serum  and  the  decompounded  blood,  are 
excreted  by  the  liquid  way  that  is  furnished  by  the  kidneys,  the 
ureters,  and  the  bladder.  All  these  considerations  shew  very 
clearly  the  distinctive  character  of  the  parts  that  are  first  tasted 
in  the  rostrum,  or  tongue,  or  that  are  explored  by  taste.    By 

{p)  The  palate  concurs  with  the  tongae  in  all  the  offices  of  the 
latter ;  in  sucking,  eating,  tasting,  transmitting  salivas,  and  absorbing 
juices.  (Part  I.,  p.  71,  72,  n.  61 — 63.)  The  fauces  are  cases  and 
forms  modelled  to  the  tongue.  (Ibid.,  p.  76,  77,  n.  66.)  When  the 
tc^igue  is  about  to  eat,  it  conspires  in  a  wonderful  manner  with  the 
cheek  and  the  palate.  (Ibid.,  p.  78,  79,  n.  68.)  The  salivary  humor 
is  so  prepared,  as  to  be  singly  sufficient  for  all  the  offices  of  the  tongue ; 
for  restoring  and  renewing  its  states,  for  moistening  the  food  received, 
and  which  is  to  be  worked  about,  for  dissolving  it  when  ground  by  the 
teeth,  for  sheathing  the  juices  extracted  from  it,  and  afterwards  for 
insinuating  them  into  the  lacunae  and  little  canals.  (Ibid,,  p.  41,  n.  38; 
p.  99—102,  n.  81,  m,  n.) 

(^  The  blood  contains  everything  that  is  contained  in  the  body. 
(Eeon.  A.  K.,  tr.  i.,  n.  2,  3,  5,  59,  61,  115.)  All  things  are  for  the 
sake  of  the  blood.  (Ibid.,  n.  4.)  There  are  many  kinds  of  salts  in 
the  blood  (Ibid.,  n.  43—45,  91,  92),  which  are  carried  to  it  by  the 
chyle  (Ibid.,  n.  49),  and  by  the  pulmonic  air.  (Ibid.,  n.  50 — 52.)  The 
composition  of  the  blood,  what.  (Ibid.,  n.  91,  92,  95,  96,  107,  108, 
110,  371.) 
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tJie  objects,  in  fine,  tve  know  the  character  of  the  organ,  because 
the  two  mutually  correspond  to  each  other ;  for  the  organ  repre- 
sents  a  common  form,  whereof  the  mutations  are  so  many  types 
fashioned  exactly  to  the  impressing  objects  as  their  ideas  [or  ante- 
types]. 

579.  Speaking  generally,  all  figured  parts,  both  simple  and 
compound,  that  have  angles  and  planes,  fall  under  this  sense. 
This  is  proved  by  the  same  arguments  as  we  adduced  in  proof 
of  the  former  position ;  for  from  whichever  of  nature^s  king- 
doms the  parts  are  borrowed^  if  we  examine  them  by  the  micro- 
scope, they  all  appear  diversiformly  angular,  sharp-pointed, 
convex,  lunated,  excavated,  plane,  ragged,  rough,  made  up  of 
more  simple  parts,  and  varied  in  such  infinite  ways,  that  it  is 
impossible  to  express  and  designate  them  either  by  speech, 
drawing,  or  geometry  (r).  Light  itself  evidences  the  same  thing 
by  variegations  of  shade ;  being  broken  and  reflected  according 
to  every  variety  in  the  composition  of  parts,  which  circumstance 
is  represented  to  our  eyes  by  the  various  species  of  colors ; 
wherefore  colors  themselves  are  additional  signs  of  the  figured 
character  of  the  parts  that  are  taken  from  the  three  kingdoms 
to  become  objects  of  taste  (s).    If  this  sense  were  not  modified 

(r)  This  is  abundantly  shewn  in  the  treatises  of  many  authors,  who 
have  investigated  the  forms  and  figures  of  the  parts  of  the  three  king- 
doms with  the  microscope ;  and  have  demonstrated  for  instance  the 
nature  of  the  parts  of  the  mineral  kingdom,  which  are  simpler  than 
those  of  the  other  kingdoms,  and  for  the  most  part  triangular,  rectan- 
gular, equilateral  or  isosceles,  square,  oblong,  unequal  in  their  sides  or 
scalene.  The  forms  of  the  parts  of  the  vegetable  kingdom  are  innu- 
merable ;  as  much  so  indeed  as  the  genera  and  species  of  vegetables, 
shrubs,  juices  expressed  from  them,  resins,  wines,  oils,  and  spirits. 
The  parts  of  the  animal  kingdom  are  seen  reduced  to  more  perfect  and 
in  short  circular  figures  and  curves  of  different  kinds.  That  stupend- 
ous art,  whereby  the  parts  of  the  mineral  kingdom,  after  having  been 
divided  into  their  elements,  or  to  their  unities,  are  disposed  into  infinite 
kinds  of  forms,  is  only  natural  chemistry.  Meanwhile,  it  appears 
from  all  [authorities],  that  these  parts  are  figured,  or  are  possessed  of 
angles  and  planes. 

(s)  I  think  it  is  clear  enough,  that  when  light  traverses  figured  cor- 
puscules,  it  is  especially  variegated  by  shadows,  but  not  so  when  it 
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by  diversity  of  figures^  it  would  be  unable  to  indicate  any  dis- 
tinctions at  all  to  its  general  sensorium^  by  corresponding  mu- 
tations ;  for  the  organ  represents  a  common  form^  whereof  the 
mutations  are  so  many  types  fiashioned  exactly  to  the  impress- 
ing objects  as  their  ideas  [or  ante-types]  (n.  578).  But  the 
shapes  and  configurations  of  parts  are  so  numerous,  that  it 
seems  scarcely  possible  to  reduce  them  to  distinct  classes,  al- 
though possible  to  reduce  them  to  universal  genera  and  com- 
mon species.  The  most  simple  are  trigons,  inasmuch  as  these 
take  the  lead  of  all  angular  forms ;  for  all  bodies  with  solid 
angles,  in  a  word,  all  polygonal  bodies,  as  geometry  shews,  are 
ultimately  reducible  or  resolvable  into  trigons  as  their  constitu- 
ents, just  as  aU  plane  figures  are  ultimately  reducible  into  tri- 
angles (/). 

580.  Bui  which  are  naturally  so  far  inert  and  weighty,  that 
when  cgffplied  to  the  Utile  sensoria,  they  can  imprint  a  type  qf 

passes  through  minute  spherules :  and  for  this  reason,  color  itself  may 
be  taken  as  an  argument  that  the  above  parts  are  possessed  of  angles 
and  planes :  for  it  is  an  ascertained  fact,  that  nothing  produces  the 
various  conditions  and  forms  of  shadowed  light  more  distinctly  and 
exquisitely,  than  volatile,  urinous,  alkaline  salts,  and  sulphurs,  as 
being  so  many  triangular  corpuscules,  or  prisms  and  excavated  quad- 
rangles ;  and  when  they  are  grouped  together  in  an  orderly  manner,  the 
result  is  a  joint  modification,  either  red,  or  green,  or  yellow,  and  thus 
a  scene  is  displayed  that  is  not  apparent,  distinct,  and  compre- 
hensible, save  by  the  common  perception  of  sight.  (Econ,  A.  JT., 
tr.  i.,  n.  87,  88.) 

(t)  Respecting  the  figures  of  inert  parts,  or  respecting  the  particles 
of  fixed,  volatile,  essential  salts,  oils,  waters,  &c.,  see  our  brief  dis- 
quisition in  Ecan.  A,  JT.,  tr.  i.,  n.  69 — 79.  And  that  all  compounds  when 
resolved  into  their  first  elements,  produce  trigons,  consisting  of  four 
three-sided  angles,  and  of  three  sides  similarly*  hollowed  in,  see  Ilnd,^ 
n.  71,  72. 

*  SwedenlxMrg  had  Mid  preyiously  t  '*  Eiporienoe  shews,  that  the  indindaal 
[elements]  of  sea  salt  are  generated  in  the  waters,  or  between  the  rudely-spherical, 
hardish,  and  naturally  almost  inert  aqueous  particles.  Granting  this,  it  follows, 
that  these  elements  are  of  the  form  of  the  interstices  between  the  particles  of  water ; 
in  short,  that  they  are  little  cubes,  with  six  sides  and  eight  angles  ;  and  that  their 
sides  are  hollowed  in  so  as  to  fit  the  conyezities  of  the  aqueous  particles.' '  fBcon, 
A,  AT.,  tr.  i.,  n.  70.)— riVv) 
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themselves,  and  cause  a  corresponding  mutation.  This  again  is 
collected  from  the  same  arguments ;  namely^  as  well  fix>m  the 
fact^  that  the  above  parts  are  taken  from  the  three  kingdoms, 
and  indeed  originally  from  the  mineral  kingdom  (n.  578) ; — ^for 
the  earth  itself  is  a  round  mass  of  weighty  corpuscules,  resting 
there  as  in  the  spacious  centre  of  their  universe :  their  figures 
also  prove  their  inertia  or  gravity,  in  that  they  have  diversiform 
angles  and  planes  (n.  579) ; — as  from  the  other  &ct,  that  they 
have  to  be  disengaged  from  the  masses  in  which  they  cohere, 
and  to  be  broken  up  by  menstrua ;  and  again  from  the  circum- 
stance, that  they  have  to  be  applied  to  the  little  sensoria  by  the 
assistance  of  the  fluids  and  salivas ;  and  finally  firom  their  mani- 
festly ponderable  character.  Thus  it  is  clear,  that  taste  and 
smell  are  excited  by  oorpuscules  endowed  with  vis  inertue,  that 
stamp  a  figure  of  themselves  upon  the  little  papillary  forms  (n. 
522).  The  case  is  different  with  sight  and  hearing,  the  organs 
of  which  are  accommodated  to  the  modification  of  the  auras,  and 
therefore  do  not  receive  the  impulses  of  inert  forces,  but  the 
forms  of  active  forces  (n.  528). 

581.  And  moreover  are  cf  such  a  magnitude,  that  they 
can  act  distinctly  tyion  the  individual  parts  of  the  organ  of 
this  sense.  That  which  stamps  must  not  exceed  in  dimension 
that  which  is  to  be  stamped ;  if  it  either  exceeds  this,  or  does 
not  come  up  to  it,  or  is  larger  or  less  than  it  ought  to  be,  no 
mark  is  left,  and  no  type  moulded.  The  one  must  correspond 
to  the  other  in  measure,  mode,  and  degree,  so  that  there  may 
be  a  ratio  between  them  («).  From  these  considerations  it  is 
evident,  that  the  sense  of  taste,  or  that  savor,  is  excited  by  means 
of  fluids,  by  particles  possessing  figure,  vis  inertise,  and  just 
magnitude. 

(u)  It  is  evident  from  the  papillse  themsdves,  that  the  conditions 
of  taste  are  different  from  those  of  touch ;  for  the  papillae  of  taste  are 
not  congregated  into  bundles  like  those  of  touch,  but  are  divided  and 
discriminated  from  each  other ;  in  order  that  each  saporiferous  or  edible 
part  carried  to  them  by  means  of  its  liquid,  may  approach  and  affect 
its  papillae  individually,  and  thus  distinctly  excite  the  unities  of  this 
sense,  so  that  the  common  affection  that  is  called  taste  may  proceed 
from  many  thus  excited  ;  for  the  sensorio-organic  form  of  touch  is  two- 
fold (n.  565,  ad  Jin.) 
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582.  The  figures  or  cmfigwationi  of  parts  produce  all  the 
varieties  and  differences  of  this  sense ;  consequently  the  sense  it- 
self, inasmuch  as  it  consists  in  variety;  but  not  so  the  forces  of 
the  same  parts,  or  the  circumstance  that  they  are  intri$tsically  and 
naturally  inert  or  active,  for  the  forces  only  excite  thel^eof  thai 
sense,  or  cause  taste  to  exist.  But  the  measures  or  various  dimen- 
sums  of  parts,  merely  sharpen  or  bbmt  this  sense,  or  render  it  more 
or  less  distinct  or  obscure.  The  same  law  prevails  in  each  of  the 
other  senses ;  for  example,  in  hearing,  which  has  sounds  for  its 
objects;  for  the  figures  or  forms  of  the  glottis,  palate,  tongue  and 
mouth,  produce  all  the  varieties  of  sound,  so  for  as  relates  to  de- 
grees of  altitude,  or  to  differences  between  acuteness  and  gravity: 
but  the  forces  increase  or  diminish  the  intensity  of  each  tone, 
and  cause  the  sound  to  strike  the  organs  of  hearing  with  force 
or  feebleness ;  thus  either  excite  or  extinguish  its  life.  Quan- 
tities, again,  make  the  sound  distinct  or  obscure,  shrill  or  dull. 
The  case  is  similar  in  sight ;  the  forms  and  images  that  are  its 
objects,  according  to  their  varieties,  induce  varieties  coordinate 
with  sight.  But  the  forces  of  light,  according  to  their  degrees, 
illustrate,  exalt,  and  intensify  the  same ;  while  shades,  as  being 
negations  of  force,  completely  obscure  and  extinguish  them. 
Magnitudes  cause  these  forms  to  appear  distinctly  or  obscurely, 
that  is,  acutely  or  obtusely.  And  the  same  obtains  in  the 
other  senses.  Thus  the  figures  of  parts  cause  sense  to  be  inpo- 
tency,  for  all  sense  consists  in  variation  of  modes.  The  forces  of 
parts  cause  sense  to  be  in  act,  or  to  exist.  But  quantities  prescribe 
limits  to  its  spheres;  and  if  it  transcends  these  limits,  it  becomes 
obscure,  or  fails  from  excessive  subtlety.  But  to  apply  this  to 
taste  specifically :  inasmuch  as  figures  cause  this  sense  to  be,  or 
to  be  possible,  it  is  plain  how  many  differences  of  it  there  may 
be ;  to  wit,  as  many  as  ever  there  are  species  and  varieties  of 
minerals,  salts,  flowers,  grasses,  shrubs,  roots,  fruits,  seeds, 
juices,  oils,  spirits,  tinctures,  menstrua,  drugs;  also  as  there 
are  varieties  of  flesh  and  humors  in  the  subjects  of  the  animal 
kingdom,  both  in  the  simple  and  in  the  compound ;  or  as  there 
are  shapes  intermediate  between  those  bodies  that  are  most 
pointed,  and  those  that  are  entirely  devoid  of  angles;  or  in 
general  terms,  between  trigons  and  spheres,  the  surface  of 
which  latter  is  a  kind  of  infinity,  where  every  angle  and  di- 
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versity  of  planes  is  obliterated:  wherefore  if  saline  acid,  be 
assumed  as  the  first  boundary  of  simple  taste,  the  sweetest 
saccharine  flavor  will  be  the  last  boundary  corresponding  to  this 
first.  But  each  species  of  savor  has  its  first  and  last,  conse- 
quently innumerable  middle  terms :  for  taste  comprises  not  only 
acidity  and  saltness,  but  also  bitterness,  austereness,  acerbity, 
acrimony,  and  many  other  terms  with  their  opposites,  answer- 
ing to  all  the  diversities  of  composition  in  nature's  kingdoms  (^). 
But  as  regards  the  nature  of  forces  specifically,  impressions  are 
made  not  only  according  to  the  gravity  of  the  object,  but  at  the 
same  time  according  to  the  forces  acquired  by  the  motion  of 
the  fluid  vehicle :  for  the  salivas  and  certain  extracts  of  the  food 
are  of  such  a  character,  that  they  envelop  inert  parts,  apply 
them  closely  to  the  papillae,  and  by  their  quick  rolling  power, 
make  them  either  impinge  tooth  and  nail  upon  the  points,  or 
gently  rub  against  the  plane  and  concave  surfaces  {z).  But  the 
case  is  different  with  elastic,  soft  parts,  possessing  intrinsic 
activity,  which  when  appUed  to  papillse  similarly  elastic,  soft, 
and  active,  yield  to  them,  and  vice  versd;  these  cause  only 
kisses  and  salutations,  but  not  touches  and  impulses.  Such  ap- 
pears to  be  the  nature  of  the  intercourse  between  many  of  the 
salivas  and  the  conical  papillae;  and  also  between  the  finest 
chyle  and  the  papillae  of  the  stomach  and  intestines ;  for  these 
fluids  either  affect  most  blandly,  or  else  enter  the  little  mouths 
of  the  pores  absolutely  without  the  papilla  or  vein  being  con- 

(y)  Bitterness^  as  in  emetics,  purgadves,  rhubarb,  wormwood, 
aloes,  colocynth.  Austereness,  as  in  certain  unripe  fruits,  and  even  in 
grapes.  Acerbity,  as  in  galls  and  cypress-nuts,  &c.  Acrimony,  as 
in  mustard,  pepper,  pellitory,  euphorbium,  &c. ;  besides  other  dif- 
ferences, also  involving  something  generic ;  for  instance,  unctuous  soft- 
ness, as  exhibited  in  fats,  ointments,  glutinous  things,  and  oils  and 
balsams,  the  d^rees  of  which  run  from  the  varieties  of  tenacity  to  the 
greatest  extremes  of  toughness.  The  varieties  of  saltness  are  equal  in 
number  to  the  genera  of  salts,  from  common  salt,  or  rock  salt,  down 
to  insipid  alkaline  salt.  Mawkiskness,  as  in  certain  earths  and  boles, 
whereof  various  species  produce  nausea. 

{z)  Respecting  the  nature  of  the  saliva,  see  Part  I.,  p.  99 — 102, 
n.  81  (m,  n).  Respecting  its  varieties  and  different  offices,  see  Ibid., 
p.  83,  84,  n.  71  (t,  k,  I)  ;  p.  85,  n.  72  («). 
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scions  of  the  circamstance ;  the  particles  of  the  food  seem  to  be 
tempered  in  the  hiboratories  to  so  high  a  degree.  Wherefore 
the  differences  arising  from  the  natnre  of  forces^  make  their 
stated  boundaries  between  the  highest  life  or  sense  of  savor,  and 
its  extinction.  But  with  respect  to  the  dimensions  of  the  cor- 
pnscnles  specificallj,  they  sharpen  or  blunt  the  sense,  or  render 
it  distinct  or  obscure,  and  prescribe  limits.  For  if  there  be 
several  things  that  simultaneously  engage  and  irritate  one  pa- 
pilla, indistinct  and  confused  mutations  are  produced;  and  if 
continuous  quantities  exceed  the  dimension  of  one  or  more  pa- 
pills,  they  also  equally  obscure  the  sense ;  giving  rise  to  indis- 
tinct general  ideas,  and  not  to  particular  ideas.  On  the  other 
hand,  if  quantities  be  so  very  small  as  only  to  touch,  hit,  or 
sooth  some  fibre  of  a  papilla,  no  sensation  of  this  degree  or 
genus  results ;  for  an  entire  papilla  is  the  unity  of  the  senso- 
rium,  and  hence  a  change  of  the  entire  unity  produces  the  first 
particular  of  the  sensation  (n.  549,  565).  The  larger  quantity 
falls  above  the  sense,  the  smaller  ftdls  beyond  it. 

583.  BiU  the  larger  parts,  which  do  not  fail  under  the  sense 
of  taste,  or  under  savor,  in  the  tongue,  fall  under  a  sense  more 
akin  to  touch :  and  from  this  mixture  [of  senses'],  an  additional 
number  of  varieties  and  species  of  this  sense  arise,  which  cannot 
by  any  means  be  discriminated  distinctly.  Touch  is  present  dis- 
tinctly in  the  organs  of  the  other  senses,  and  governs  in  a 
general  manner  as  it  were  with  them  as  companions  (n.  525). 
And  not  only  in  the  papillary  cutis,  but  in  every  fibrous  texture 
whatever,  therefore  also  in  the  sensorial  organs  (n.  530).  Touch 
also  admonishes  the  organ  of  taste  of  the  existence,  quality,  and 
quantity  of  that  which  is  either  taken  in  openly,  or  glides  in 
furtively,  and  which  that  organ  is  shortly  about  to  explore  in  a 
different  manner  (n.  570).  Nevertheless,  touch,  taste,  and 
smell  are  different  from  each  other  in  nature  and  character; 
this  being  proved  by  the  origin,  degree,  effect  and  use  of  each, 
as  well  as  by  the  evidence  of  our  own  feeUngs  (n.  524).  There 
are  three  kinds  of  papillae,  to  wit,  capitatse,  lenticulares,  and 
conicse  {a),  all  seated  upon  the  upper  surface  of  the  tongue ; 

(a)  Heister  mentions  only  two  kinds  of  papillae,  for  he  distinguishes 
the  pyramidal  papillae  into  greater  and  lesser  (n.  575).    Winslow  says  i 
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the  one  receiving  the  marks  of  impressions  altogether  differ- 
ently from  the  others,  if  each  be  recipient  according  to  its  or- 
ganic form :  that  is  to  say,  undergoing  changes  from  impressed 
objects  differently,  and  reacting  differently  (4) ;  applying  them- 
selves also  severaDy  to  different  objects,  because  they  severally 
differ  in  magnitude ;  to  wit,  to  particles  and  minute  pieces  [of 
food],  which  are  resolved  again  and  again  into  lesser  pieces,  and 
ultimately  into  least;  which  shews  that  the  papillae  are  little 
organs  that  correspond  to  every  dimension  of  the  divided  parts. 
It  is  evident  that  each  species  enjoys  a  peculiar  sense,  from  the 
fibrous  texture  of  each ;  for  fibres  creep  up  into  each  from  the 
common  basis  or  body  (c).  But  what  this  sense  is, — ^whether  it 
is  properly  taste  in  one  kind  of  papillae,  properly  touch  in  ano- 
ther, is  an  object  for  investigation :  if  it  be  touch,  it  should 
not  be  identified  exactly  with  the  touch  of  the  papillary  sub- 
stance of  the  cutis,  since  this  substance  is  formed  of  contiguous, 
coherent  papillae,  and  feels  imder  the  scales  of  the  epidermis, 
with  which  it  is  covered  in.  But  not  so  the  three  kinds  of  pa- 
pillae in  the  tongue,  which  are  not  confasdated  but  discrimi- 
nated, and  not  covered  in  with  scales,  but  only  with  a  thin 
membrane,  or  common  cap,  which  is  elastic,  and  yields  when 

"  Three  sorts  of  papillae  are  distributed  over  the  upper  surface  of  the 
tongue  :  capitatae,  semilenticulares,  and  villosae  [or  conicae]"  (n.  576), 
According  to  Malpighi :  *'  In  the  ox,  the  goat,  the  sheep,  and  in  the 
human  subject,  <hese  papillae  may  be  divided  into  three  kinds,  accord- 
ing to  their  threefold  configoration  and  magnitude"  (n.  577).  "  On 
the  dorsum  of  the  tongue,"  says  Boerhaave,  "  especially  at  the  apex 
and  edges  thereof,  under  the  skin,  Ue  obtuse  papillae,  which  appear 
to  be  of  three  different  kinds ;  in  a  tongue  that  is  alive,  warm,  moist, 
thrust  out,  and  applied  to  taste  anything,  they  project  from  the  sur- 
face, particularly  when  the  person  is  hungry."  (Part  I.,  p.  30,  n.  30.) 

(b)  According  to  the  peculiarities  and  successive  modes  of  operating 
stated  above,  n.  552. 

(e)  "  Both  these  kinds  of  papillae,"  says  Heister,  [alluding  to  his 
division  of  the  papillae  into  greater  and  lesser,]  '*  arise  from  the  in- 
ternal membrane  of  the  tongue,  and  from  its  nerves ;  they  pass  through 
the  UtUe  foramina  in  the  reticular  membrane"  (n.  575).  The  papillae 
of  the  first  kind,  or  fungosae  and  capitatae,  "  originate,"  says  Malpighi, 
"  from  the  nervous  and  papillaiy  substance.  .  .  .  They  have,  however. 
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the  subjacent  papilla  extends  (cf).  Therefore,  in  order  to  ex- 
plore the  appointc^d  peculiar  sense  of  the  papillae,  it  is  necessaiy 
to  examine  their  forms,  both  particular  and  general;  for  in 
order  to  the  existence  of  a  sensorium  that  can  apprehend  the 
.  several  varieties  of  an  object  with  their  differences  and  distinc- 
tions, the  fibres  must  be  disposed  into  an  organic  form :  for  the 
fibtes  are  put  together  and  the  form  conceived  with  reference  to 
every  kind  of  variety  and  idea  of  use  (n.  531).  Wherefore  it 
would  be  right  and  proper,  if  we  would  be  instructed  by  the 
sciences  in  the  secrets  of  nature,  to  judge  of  the  sense  from  the 
form,  and  of  the  form  from  the  sense ;  for  in  the  organ,  as  in  a 
mirror,  we  may  contemplate  the  sense,  and  see  the  nature  of 
it;  and  vice  ver$d;  the  one  being  exactly  represented  in  the 
other  (n.  548).  Since  then  we  find  three  kinds  of  piq>ill«,  each 
kind  with  a  distinct  form,  planted  upon  the  tongue,  hence  we 
have  three  kinds  of  senses,  all  however  related  to  touch,  and 
which  correspond  to  the  parts  disengaged  fit)m  the  dry  food,  or 
floating  freely  in  the  liquids  that  have  been  drank ;  namely,  to 
the  larger,  the  middle-sized,  and  the  least  parts :  so  that  no  so- 

this  peculiarity,  (which  I  hear  has  also  been  observed  by  Fracassatos,) 
that  in  the  base  of  each  there  is  a  nervous  twig,  to  which  it  b  ap- 
pended, or  rather  grows.  The  nervous  papillae  of  the  second  kind .  .  . 
proceeding  firom  the  common  papillary  substance,  .  .  .  firom  their  sum- 
mits put  forth  nervous  offisets"  (n.  577).  And  with  respect  to  the 
more  slender  and  conical  papillae,  he  says  :  **  Many  nervous  twigs  pro- 
ceeding from  the  trunk  terminate  in  the  nervous  and  papillary  sub- 
stance." (Ibid.) 

(d)  Winslow  states  that  the  papillae  act  under  the  cover  of  a  con- 
tinuous membrane  resembling  the  epidermis,  and  not  under  the  cover 
of  scales.  "  The  upper  surface  of  the  tongue,"  says  he,  "  is  entirely 
covered  with  a  thick  membrane  or  tunic  of  a  papillary  texture,  upon 
which  lies'  a  fine  epidermoid  membrane,  which  is  likewise  continued 
over  the  lower  surface,  but  without  papillae*'  (n.  576).  And  Malpighi 
says  [respecting  the  conical  papillae],  that  they  ''terminate  in  the  direc- 
tion of  the  external  membrane"  (n.  577)  ;  and  [respecting  the  fungi- 
form papillae],  that  they  "  end  in  a  little  round  head,  that  is  placed  in 
a  sort  of  cavity  in  the  thin  exterior  membrane"  (Ibid.)  And  accord- 
ing to  Heister,  the  papillae  "  terminate  in  the  vaginulae  of  the  external 
membrane"  (n.  575). 
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Intions  or  divisions  escape  without  being  explored  by  an  appro- 
priate sense,  and  manifesting  their  external  qualities  and  acci- 
dents. This  again  is  the  source  of  infinite  varieties ;  in  fact,  of 
varieties  thrice  multiplied  into  themselves,  or  tripled ;  and  which 
it  is  the  more  difficult  to  display  by  the  sense  alone,  inasmuch 
as  we  have  not  yet  explored  the  proper  powers  of  each  sense, 
and  so  many  varieties  are  involved  in  every  one  of  the  senses, 
that  myriads  of  them  produce  but  one  common  afifection  {e) : 
and  there  is  again  a  fiirther  source,  if  these  varieties  be  impli- 
cated with  another  sense  equaUy  luxuriant  in  varieties  of  its 
own.  Wherefore,  not  to  set  sail  on  a  boundless  ocean,  it  is 
better  not  to  venture  tax  from  port,  but  only  to  make  a  short 
excursion  into  general,  and  perhaps  only  into  most  general, 
predicates. 

684.  7%^  papilks  of  tlie  third  class,  conica,  pyramidales,  or 
villosa,  are  the  principal  sensoriola  of  taste  or  savor  (/).  For 
they  are  the  most  numerous  of  all  the  papillae,  filUng  every 
little  hollow  of  the  tongue,  and  covering  its  upper  surface  from 
the  top  and  both  the  edges ;  and  moreover  they  are  so  minute, 
that  they  fill  the  interstices  between  the  rest  of  the  papillae  (ff) ; 

(e)  We  may  see  this  clearly  by  a  little  attention,  while  we  are  eat- 
ing, or  bathing  the  tongue  with  sapid  liquids :  for  all  the  papillae  that 
beset  the  surface  of  the  tongue,  are  saluted  by  the  circumfused  liquids, 
or  the  ground  and  extracted  food ;  and  not  only  the  conical  papillae, 
but  also  the  others,  as  the  lenticulares  and  capitatae  :  and  nevertheless 
from  these  infinite  touches,  in  which  there  may  be  innumerable  varie- 
ties, nothing  but  one  common  savor  arises :  as  though  we  should 
commix  the  most  diverse  essences,  distinct  in  taste,  whether  essential 
juices,  or  wines,  or  service-berries,  into  one,  and  form  a  common  pro- 
duct firom  them  all. 

(/)  The  reader  may  see  it  explained  also  in  Part  I.,  in  the  Chapter 
on  the  Tongue,  that  the  conical  or  pyramidal  papillae  are  the  proper 
sensoriola  of  taste  (p.  49 — 52,  n.  43)  ;  and  that  figured  parts  are  the 
objects  of  taste.  (Ibid.,  p.  52,  n.  43,  ff.) 

(ff)  "  The  papillae  of  the  third  kind,"  says  Winslow,  "  or  villosae, 
are  the  smallest  and  most  numerous,  and  occupy  the  whole  of  the  upper 
suHace  of  the  tongue,  and  even  the  interstices  between  the  other 
papillae.  They  would  be  more  properly  named  papillae  conicae,  than 
villosae,  from  the  figure  which  they  appear  to  have  when  examined  in 

VOL.  II.  PAET  III.  CHAP.  II.  P  P 
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they  are  extensile^  contractile^  elastic,  ausoeptible  of  every  va- 
riety of  state  and  form  (A) ;  adapted  for  scrutinising  the  least 
points  of  tangible  substances;  the  first-bom  ofiEspring  and 
growth  of  their  parent  fibres  (i) ;  therefore  exquisitely  sensitive ; 
most  numerous,  fine,  simple,  and  modifiable,  and  most  like 
their  parent  fibres  in  nature  and  genius,  on  the  apex  and  bor- 
ders of  the  organ,  at  the  points  which  the  food  first  touches, 
and  where  it  is  first  received ;  and  as  they  axe  smaller  than  the 
other  papillae,  so  also  they  are  more  perfect;  closely  resembling 
the  papillae  of  touch  that  exist  in  the  lips  and  other  prominent 
or  receding  parts  of  the  circumference  of  the  body ;  the  only 
di£Eerence  lying  in  the  simplicity,  origin,  place,  and  perfection 
of  the  papiUffi  of  taste,  and  in  their  being  sundered  from  each 
other,  and  not  grouped  together  in  bundles,  but  each  searching 
its  own  particle  by  sense,  and  all  bringing  together  modes 
and  as  it  were  shares  of  sensation  into  one ;  and  conveying  the 
common  modification  and  affection  thence  resulting,  to  the  sen- 
sorium,  or  to  the  organic  principles  of  their  fibres  :  hence  the 
difference  is,  as  between  parts  that  act  separately,  and  parts 
that  act  simultaneously  in  a  continuous  expanse :  or  as  between 
the  lights,  colors,  or  images  of  one  plane,  that  fall  into  our 
sight  distinctly  and  yet  simidtaneously ;  and  lights,  colors,  or 
images  that  represent  themselves  confusedly  as  one  thing.    The 

dear  water  through  a  microscope"  (n.  576).  Respecting  the  same 
papillse,  Malpighi  says :  "  They  [the  nervous  papilles  oi  the  second 
kind]  are  surrounded  by  almost  innumerable  papillae  firom  the  same 
origin,  .  .  .  but  which  are  conical  and  more  slender,  and  entering  par- 
ticular cavities  in  the  mucous  substance,  at  length  terminate  in  the 
direction  of  the  external  membrane''  (n.  577).  These  latter,  being 
conical,  exactly  resemble  the  papillae  of  toudi,  which  likewise  rise 
from  a  broad  base  :  not  so  the  other  papillae,  which  grow  from  a  narrow 
and  small  base,  and  expand  into  a  broad  surface. 

(A)  **  They  [the  papillae  conicae],"  says  Winslow,  "  are  naturally 
softish,  but  they  become  so  flaccid  after  death,  that  by  hmdling  them 
they  m^  be  made  short  and  thick,  whereas  th^  are  naturalfy  long  and 
small"  (n.  576).  And  Boerhaave  says:  ''Laurence  Bellini  has  shewn 
by  careful  experiments,  that  these  papillae  are  the  organ  wUch  receives 
the  impressions  of  taste  from  si^id  objects."  (Part  I.,  p.  30,  n.  30.) 

(t)  See  above,  note  (c). 


Digitized  by  VjOOQ IC 


THK   8ENSB   OF  TA0T£.  579 

former  create  a  joint  modification  of  a  delicious  kind,  full  of 
diverse  harmonies  and  pleasant  play ;  the  latter,  an  unpleasant 
modification,  destitute  of  yariety  and  satisfaction,  and  chaotic, 
confused,  and  obscure.  We  see  from  the  papillary  organ  of  the 
cutis,  that  the  papilke  that  rise  through  the  foramina  of  the 
corpus  reticulare,  represent  the  unities  of  our  touch ;  and  that 
by  the  mutual  apposition  of  these  unities,  and  their  orderly  as* 
sedation,  an  organic  form  is  produced,  which  is  the  organ,  or 
as  it  is  commonly  called,  the  sensorium  of  touch.  The  scales 
of  the  epidermis  regulate  and  temper  the  sense  (n.  549).  From 
which  it  appears,  that  touch  is  the  most  obtuse  and  indistinct 
of  all  the  senses ;  and  more  obtuse  and  indistinct  in  proportion 
as  a  larger  number  of  papillae  is  pressed,  or  affected,  at  the 
same  time  (n.  550).  In  this  respect,  taste  is  discriminated  touch, 
and  therefore  its  papillse  are  furnished  and  covered  with  an  epi- 
dermis that  is  not  divided  into  scales,  but  continuous,  and  ga- 
thers together  the  particulars  and  ratios  of  touches  in  harmoni- 
ous concert.  Therefore,  what  principally  distinguishes  taste  from 
touch,  is,  that  the  papUke  of  taste  are  discriminated,  but  the 
papilla  of  touch  collected;  and  thus  the  former  bring  out  their 
sense  separately,  but  the  latter  bring  out  theirs  cof^ointly, 

585.  But  the  papilUe  lenticiUares,  as  well  as  the  papiUa  fan- 
gosm,  seem  to  possess  a  kind  of  intermediate  or  obscure  sense  of 
taste.  For  they  likewise  are  organic  offisets  or  growths  pro- 
duced from  a  fibrous  stock,  yet  not  fashioned  for  receiving  all 
varieties,  as  sensoriola  should  be ;  inasmuch  as  they  are  at  the 
same  time  designed  for  foretasting  and  sipping  the  first  chylife- 
rous  essences,  and  the  salivas  themselves.  Thus  they  are  com- 
paratively flat,  and  resemble  snails^  horns,  or  fimgi ;  for  they 
stand  on  a  slender  stalk  or  peduncle,  and  swell  out  at  the  top 
into  a  little  head,  so  that  they  are  not  pyramidal,  but  almost 
the  reverse.  Then  again  they  are  perforated  with  httle  holes  in 
the  middle  and  round  about,  to  enable  them  to  admit  the  more 
refined  lymphs,  and  the  innocuous  extracts,  into  the  bosom  of 
their  cavities,  and  to  propel  them  onwards  through  Httle  tubes 
into  the  blood.  Thus  they  are  inaugurated  at  the  same  time 
into  another  function  besides  the  sens(»rial  frmction  (k),  in  their 

{k)  The  papOlie  fimgosse  or  capitatse  of  the  tongue  are  the  very 
organic  parts  that  take  the  first  taste  of  the  nutrient  essences  of  the 

pp2 
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perfoimanoe  of  which  they  do  not  attend^  like  little  sensoria, 
to  single  varieties ;  nor  every  moment  assume  fitting  changes 
according  to  the  solicitation  of  contingencies,  and  the  use  that 
must  ever  be  present.  But  still  we  may  conclude  from  their 
.fibrous  structure,  and  from  their  surfaces  being  even  put  for- 
ward into  contact  with  advancing  objects,  that  they  do  enjoy 
an  intermediate  or  second-rate  sense  (/).    Touch  exists  not  only 

foody  imbibe  them  with  their  little  mouths,  and  transmit  them  through 
continuous  ducts  and  channels  immediately  into  the  blood.  The  glan- 
dulae  semilenticulares  represent  the  same  as  the  larger  glandulie  fon- 
gosae,  only  in  a  still  more  perfect  manner.  Hence  these  two  sets  of 
organs  do  not  belong  properly  to  the  sensation  of  taste,  but  to  the 
libatoiy  and  manducatory  offices  of  the  tongue ;  not  excreting  saliva, 
as  commonly  supposed,  but  drinking  the  first  extracts  and  occult 
essences  of  the  food,  or  the  juices  that  it  yields,  and  satisfying  and  - 
renovating  the  needy  blood,  and  breaking  its  fast.  This  is  abundantly 
proved  by  a  multitude  of  efiects.  (Part  I.,  p.  44,  45,  n.  42.)  The 
papillae  fungosae,  according  to  Winslow,  ''  resemble  small  conglomerate 
glands,  seated  on  a  narrow  basis,  and  a  little  hollowed  in  the  middle  of 
their  convex  side.  .  .  .  These  are  glandular  mammillfle  or  papillae,  or  sali- 
vary or  mucilaginous  glands.  .  .  .  The  papillae  .  .  .  lenticulares  are  small 
orbicular  eminences,  only  a  Kttle  convex.  .  .  .  When  we  examine  them 
with  a  microscope  in  a  fresh  tongue,  we  find  their  convex  sides  full  of 
small  holes  or  pores,  like  the  end  of  the  spout  of  a  vratering-pot" 
(n.  576). 

(t)  Sensibility  is  not  to  be  denied  to  the  papillae  fungote  and  len- 
ticulares, simply  because  the  papillae  conicae  are  properly  sensoriaL 
(Part  I.,  p.  49,  50,  n.  43,  aa.)  For  they  too,  according  to  Heister, 
are  "  capable  of  protrusion  and  retraction"  (n.  575)  ;  and  according  to 
Malpigbi :  "  In  substance  and  shape,  these  [papillae  fungosae]  resemble 
the  emissile  and  retractile  comua  which  are  observed  in  snails ;  they 
stand  on  a  long  peduncle,  which  having  risen  through  the  mucous  sub- 
stance, ends  in  a  little  round  head*'  (n.  577).  But  here  it  will  be  well 
to  annex  a  part  of  the  disquisition  by  the  last  mentioned  illustrious 
author,  respectiE^  the  sense  of  these  papillae.  '*  Whether,"  says  he, 
"all  the  three  orders  of  nervous  papillae  mentioned  above,  or  only 
some  of  them,  contribute  to  the  production  of  taste,  ...  is  a  question. 
The  large  size  of  the  papillae  of  the  first  kind ;  their  intimate  and  firm 
connexion  with,  and  their  continuation  from,  the  nerves,  seem  to  iden- 
tify them  principally  with  the  office  of  tasting.    Yet  as  they  are  few  in 
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in  the  papillary  cutis^  but  in  every  fibrous  texture  whatever 
(n.  630).  For  it  is  excited  by  contiguous  objects  that  strain  the 
connexion  of  the  parts^  and  especially  of  the  fibres ;  or  influ- 
ence their  position^  order,  and  series^  and  thus  change  and  in- 
vert their  states^  properties^  and  functions  (n.  529).     If  any 

number,  compared  with  the  others,  and  are  not  observed  in  fdl  the 
parts  in  which  taste  is  probably  exercised,  .  .  .  and  in  other  parts  are 
disposed  in  such  an  order,  that  a  very  considerable  space  is  left  between 
them ;  and  nevertheless,  there  seems  to  be  a  sense  of  tasting  in  these 
little  parts  [or  Uttle  spaces], — on  these  grounds  there  is  some  room  to 
doubt  whether  the  passion  of  taste  may  not  find  convenient  organs  in 
the  other  papillae  also.  Whether  or  not  they  perform  other  uses,  is 
equally  doubtful.  Angdns  Fortius  in  the  last  century  taught  that  the 
finer  particles  of  the  food  ascend  to  the  brain  through  the  radicles  of 
the  nerves,  &c.  .  .  .  There  is  a  celebrated  observation  of  Cardanus,  in 
[the  case  of]  Augustus  Corbetta,  to  whom  pepper  gave  the  feeling  of 
pain,  and  not  of  taste,  &c."  (Exereit.  Epiatolic.  de  Idngud,  p.  18, 
19 ;  fol.  Londini,  1686.)  By  the  principles  already  laid  down,  we 
may  see  how  touch  is  excited  instead  of  taste,  according  to  the  experi- 
ence of  Augustus  Corbetta,  as  handed  down  from  Cardanus,  by  Mal- 
pighi ;  and  indeed  according  to  the  proper  experience  of  each  individual. 
For  since  taste  is  principally  distinguished  from  touch  by  the  circum- 
stance, that  the  papillae  of  taste  are  discriminated,  but  the  papillae 
of  touch  collected,  and  thus  the  former  bring  out  their  sense  sepa- 
rately, but  the  latter  bring  out  their's  conjointly  (n,  584)  ;  it  follows, 
that  the  pftpiUse  and  glands  of  any  one  of  the  three  kinds,  when 
affected  simultaneously,  present  the  sense  of  touch,  and  not  of  taste  : 
for  touch  is  a  common  or  simultaneous  affection,  but  taste  is  the  mani- 
fested idea  of  particulars,  all  agreeing  in  harmonious  variety.  Hence 
when  many  papillae  of  the  tongue  are  affected  simultaneously, — ^for 
instance,  by  some  large  object,  the  idea  of  touch  arises,  and  not  that 
of  taste.  This  again  is  clearly  perceptible  from  the  pieces  of  the  food, 
which  come  under  the  sense  of  toudi,  before  they  come  under  that  of 
taste.  When  pepper  is  taken  and  rolled  upon  the  tongue,  it  evidently 
produces  both  senses,  for  whatever  is  dissolved  into  parts  by  the  pro- 
cess of  extraction,  falls  instantly  under  taste.  Wherefore,  according 
to  the  proposition,  touch  admonishes  the  organs  of  taste  and  smell,  of 
the  existence,  quality,  and  quantity  of  that  which  is  either  taken  in 
openly,  or  glides  in  furtively,  and  which  those  organs  are  shortly  about 
to  explore  in  a  different  manner  by  their  senses  (n.  570). 
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partide  in  the  Hving  fitbrici  of  the  body  be  destitute  g£  the 
sense  of  touch>  it  is  also  destitute  of  life  (n.  567).  From  which 
it  follows,  that  these  parts  are  excited  by  their  sense,  both  to 
undertake  and  go  through  their  functions;  which  consist  in 
drinking  the  first  extracts  and  occult  essences  of  the  food,  and 
satisfying  the  needy  blood,  and  breaking  its  £ut  [n.  4s2]  ;  for 
parts,  and  series  constructed  of  parts,  are  excited  by  the  irrita- 
tion of  touch,  both  to  undertake  and  go  through  their  functions 
(n.  573). 

586.  I%e  cartilaginous  bodies  thai  are  found  in  the  tongues  qf 
certain  animals,  elevate  this  coaunon  and  compound  sense  to  a  very 
great  degree.  These  oorpuscules  are  implanted  in  the  same 
basis  and  membrane  as  the  other  papill»;  they  also  rise  through 
the  foramina  of  the  reticular  tunic  or  mucous  substance;  they 
likewise  are  concealed  under  the  common  doak ;  are  corered  in 
by  a  kind  of  fine  peridemis,  or  rather  perichondrium,  and  coTer 
the  papillae  in  a  kind  of  excavated  hollow ;  and  those  contiguous 
to  the  papillae  transfer  the  individual  concerns  of  all  into  the 
general.  Thus  making  the  sensations  more  evident,  they  con- 
vert them  into  a  spedes  of  finer  touch  (i»).  To  say  nothing  of 
the  other  offices  that  they  attend  to  at  the  same  time.  This 
provision  is  designed  to  meet  the  case  of  those  animals  that  live 
on  herbaceous  food,  and  have  to  receive  their  conditions  of  life 
from  the  external  senses,  and  not  like  the  human  race,  chiefly 
firom  the  internal  senses  (n). 

687.  Touch,  or  the  sense  arising  from  the  impulse  of  bodies 

(m)  The  reader  will  find  a  oomplete  description  g^ven  by  MsJ^pig^ 
of  these  little  cartikges,  n.  577  ;  firom  which  description  we  may  obtain 
confirmation  of  our  propositions :  for  sense  is  greatly  exalted  where  the 
fibres  and  membranes  aie  connected  to  cartilaginous^  homy,  or  osseous 
parts,  as  demonstrated  above,  n.  530. 

(n)  This  is  also  a  reason,  why  the  tongues  of  the  mcnre  imperfect 
animals,  as  fish,  and  insects,  that  live  almost  in  sense  alone,  or  in  the 
instinct  of  a  nature  produced  or  excited  by  the  senses,  are  likewise  fur- 
nished with  cornicles  and  squamous  cartilages  of  the  kind.  Sach  lor 
instance  is  the  case,  according  to  Swammerdam,  with  the  naked  or 
house-snail)  the  covered  snail,  and  the  outde-fiah ;  in  which  latter,  **  the 
tongue,''  says  that  author,  '' .  .  .  consists  ...  of  seven  little  cartilagiii- 
ous  bones,  .  .  .  [and]  every  one  of  the  seven  ...  is  provided  with  above 
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endowed  witb  gravity  or  vis  inertue,  is  so  nniversal^  tbat  it  pre- 
vails everywhere  in  the  body,  both  in  its  circumference,  and  in 
its  innermost  recesses ;  for  if  any  particle  in  the  living  fabrics 
of  the  body  be  destitute  of  the  sense  of  touch,  it  is  also  desti- 
tute of  life  (n.  567).  Yet  as  it  is  so  luxuriant  in  variety  that  it 
is  never  alike  in  any  two  points,  but  plays  most  diversely,  ac- 
cording to  all  the  organic  forms  upon  which  those  [gravitating] 
corpuscules  impinge ;  therefore,  in  order  that  this  sense,  with 
its  so  innumerable,  not  to  say  infinite,  varieties,  may  fall  under 
more  distinct  ideas  of  the  understanding,  I  will  divide  it  into  its 
proper  classes,  or  into  genera  and  species,  and  present  its  diver- 
sities for  contemplation  under  these. 

588.  TTiere  are  three  universal  species,  or  superior  genera,  of 
the  sense  of  touch,  each  of  which  has  Us  allotted  regions  and 
provinces  in  the  living  body.  The  first  genus,  and  the  most 
general,  prevails  all  over  the  circun\ference,  and  is  properly  called 
touch :  in  other  words,  it  prevails  in  the  boundary  intermediate 
between  the  ambient  world  and  the  corporeal  world;  or  between 
the  great  world,  and  the  little  world  made  in  its  image  (n.  484). 
For  which  reason  this  sense,  placed  in  this  station,  has  the  pro- 
vince or  function  of  attending  to,  and  occupying  itself  with, 
all  the  mutations  that  can  possibly  assail  the  body  from  the 
world  without ;  and  of  exploring  and  indicating  them,  by  taking 
upon  itself  in  each  case  a  corresponding  mutation.  These  mu- 
tations are  the  objects  of  this  sense :  for  the  fibres  are  put 
together  and  the  form  conceived  with  reference  to  eveiy  kind  of 
variety  and  idea  of  use ;  as  the  papillary  form  with  reference  to 
touch  (n.  581).  Its  first  use  is,  to  perceive  aU  the  changes 
occurring  in  the  circumambient  world,  and  communicate  them 
to  us :  and  thus  to  keep  both  watch  and  ward ;  to  notice  what- 
ever happens,  and  by  means  of  its  organ  placed  on  guard,  to 
protect,  at  the  same  time  that  it  institutes  communications 
(n.  568,  569). 

589.  The  second  genus  prevails  in  the  innermost  parts  qf  the 
body,  begbining  from  the  tongue ;  namely,  in  the  ossophagus,  the 
stomach,  the  inteMnes,  and  in  fine  in  all  the  organs  qf  the  ittfe- 

sixty  curved,  dentifonn,  eartili^ous  papiUse,  somewhat  resembling  the 
papillae  of  the  tongue  of  the  ox."  (Part  I.,  p.  29,  30,  n.  29.)  . 
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rior  region,  or  viscera  of  the  abdomen.  This  ieme,  on  iU  first 
threshold,  is  caUed  taste.  It  is  a  most  remarkable  circumstanoe, 
that  the  hollow  viscera  in  a  continuous  series,  firom  the  first 
mouth  of  the  lips  down  to  the  very  end,  are  covered  with  the 
same  papillary  down,  or  silky  villosity  as  it  is  called,  as  the  pro- 
labia  themselves,  and  as  the  tongue,  which  is  prefixed  to  those 
viscera,  and  sits  in  the  rostrum  or  pulpit  thereof.  I  am  now 
alluding  to  the  oesophagus,  the  stomach,  and  the  small  and 
large  intestines :  and  not  only  is  it  the  case  with  these  viscera, 
but  also  with  the  Hver,  in  its  glandular  follicles,  which  a  second 
time  digests,  filters,  and  washes  the  portion  of  chyle  received 
from  the  above  viscera;  lastly,  with  even  those  viscera  that, 
carry  down  the  liquid  excrements,  I  mean  the  ureters  and  the 
bladder.  And  corpuscules  of  the  same  kind  as  affect  the  tongue 
with  touch  or  taste,  above,  in  the  threshold  of  the  viscera,  that 
is  to  say,  in  the  mouth,  also  go  to  affect  these  succeeding  cavi- 
ties with  a  similar  sense.  Again  these  cavities  in  like  manner 
direct  and  apply  their  little  villous  sensoria  to  those  corpuscuks 
that  have  passed  down  to  them ;  and  by  their  vermicular  creep- 
ing, as  the  tongue  by  its  roUing  and  folding,  they  suffer  no 
part  to  pass  them,  witiiout  taking  a  complete  account  of  it,  and 
exploring  it  by  continued  touch.  Nay,  that  they  search  the 
little  fragments  offered  to  them,  with  some  unknown  power  of 
feeling,  is  evident  from  various  symptoms ;  for  instance,  from, 
sudden  changes,  recoveries  of  strength,  longings,  loathings, 
unnatural  appetites ;  from  anxieties,  windy  gripings,  heartburn, 
nausea,  head-aches,  fednting,  &c.,  arising  from  the  presence  in 
the  stomach  of  incongruous  food;  bitter,  styptic,  emetic,  or 
virulent  drugs ;  and  particularly  of  worms,  such  as  ascarides, 
tsBuise,  &c.,  that  twitch  and  gnaw  the  internal  coats  of  the  above 
viscera,  and  the  tender  viUosity  of  those  coats  (o).    From  these 

(o)  These  particulars  belong  properly  to  thb  place,  and  therefore  I 
have  transferred  them  hither  verbatim  from  a  former  paragraph  (n.  526) ; 
but  as  they  were  there  corroborated  in  the  notes  by  the  experimental 
eridence  supplied  by  our  authors,  I  forbear  to  dwell  upon  them  again, 
lest  I  should  do  my  task  twice  over.  Meanwhile,  the  reader  will  find 
the  subject  more  fully  canvassed  in  Part  I,  on  the  organs  of  the  infe- 
rior region,  or  the  viscera  of  the  abdomen,  in  my  analytic  investigations 
of  the  several  organs. 
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and  monj  other  considerations  it  is  evident^  that  this  sense  has 
the  office  qf  taking  cognizance  of,  and  exploring,  the  whole  qf 
what  is  taken  by  the  mouth  far  the  purpose  of  serving  as  nutrition 
to  the  body,  and  principally  to  the  blood  {p).  All  such  materials 
are  objects  of  this  sense.  But  since  the  papillary  forms  of  these 
yiscera  do  not  depend  upon  fibres  originating  in  the  cerebrum, 
but  upon  fibres  originating  in  the  cerebellum,  hence  the  touches 
in  them  do  not  reach  the  consciousness  of  the  general  senso- 
rium,  that  is,  of  our  innermost  sensorium  (n.  527). 

590.  The  third  genus  qf  this  sense  likeunse  prevails  in  the  in- 
nermost parts  of  the  body,  but  beginning  from  the  nares ;  namely, 
in  the  larynx,  the  trachea,  the  lungs,  and  their  vesicles;  conse- 
quently in  the  organs  of  the  superior  region,  or  thorax.  This 
sense  in  its  first  entrance  is  called  smell.  This  sense,  in  the  pro< 
yince  thus  appointed  for  it,  diligently  searches  out  those  figured 
and  inert,  but  nevertheless  volatile  parts,  that  are  flitting  about 
in  the  atmospheres  of  the  world,  (not  like  taste,  those  that  are 
floating  in  water  and  other  liquids,)  and  penetrate  in  abund- 
ance into  the  secret  aeoUan  recesses  of  the  lungs  {q). 

591.  These  are  the  superior  genera  of  this  sense,  which  speak- 
ing generally,  is  named  touch;  but  with  respect  to  the  middle 
genus,  which  is  properly  called  taste,  it  is  divided  into  as  many 
inferior  genera,  or  less  universal  species,  as  there  are  viscera  of 
the  abdomen.     Offices  di£Eer  firom  each  other  proportionably  as 

(p)  I  think  there  is  no  occasion  to  establish  this  proposition  by 
farther  arguments,  since  I  believe  it  was  proved  satisfactorily  in  Part  I., 
where  I  treated  of  the  viscera  of  this  r^on,  that  all  these  organs  are 
formed  entirely  for  the  sake  of  preparing  the  blood,  and  nourishing  the 
body  by  means  of  the  blood.  Thus :  the  blood  is  the  principle  of  all 
things  in  the  body.  (Part  I.,  p.  236,  n.  179,  b.)  The  viscera  of  the 
abdomen  are  entirely  for  the  sake  of  the  chyle,  the  blood,  and  the 
serum.  (Ibid,  p.  267,  268,  n.  201,  c;  p.  510—526,  n.  326—334.) 
The  offices  of  those  viscera,  in  general  terms,  are  chylification,  san- 
guification, purification,  and  again  chylification.  (Ibid.,  p.  510,  seqq., 
n.  326,  327,  seqq.) 

(q)  Having  made  up  my  mind  to  treat  of  Smell  in  the  very  next 
Chapter,  I  think  it  would  be  premature  and  superfluous  to  illustrate 
thb  subject  fiuiher  at  present. 
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objects;  viscera  or  organs,  as  offices ;  and  sensations,  as  organs; 
for  one  thing  determines  another,  and  all  things  flow  in  smes 
accordiiig  to  use,  which  is  the  first  and  last  line  and  rale :  for 
the  sake  of  use,  sense  is  placed  on  guard  as  an  informant  and 
messenger,  and  keeps  watch  and  ward  everywhere.  The  objects 
that  excite  this  sense,  are  not  the  same  in  the  tongue  as  in  the 
oesophagus,  the  stomach,  and  the  other  cavities  and  masses; 
for  with  respect  to  their  objects,  the  tongue  rolls  and  foretastes 
the  comparatively  crude  and  still  undigested  matters;  the  oeso- 
phagus merely  sips  hastily  the  materials  carried  along  it;  the 
stomach  exquisitely  explores  the  slowly  digested  essences  ex- 
pressed by  trituration,  together  with  the  other  fluids  and  solu- 
tions ;  the  intestines  are  different  again  in  these  respects,  and 
reduce  the  ill-conditioned,  but  unexhausted  food,  and  search  it 
by  a  sense  analogous  to  our  taste.  The  case  is  still  otherwise 
with  the  other  members  of  this  province :  for  by  the  objects  we 
know  the  character  of  the  organ,  because  the  two  mutually  cor- 
respond to  each  other;  for  the  organ  represents  a  common  form, 
whereof  the  mutations  are  so  many  types  fiuhioned  exactly  to 
the  impressing  objects  as  their  ideas  [or  ante-types]  (n.  578). 
For  the  fibres  are  put  together  and  the  f(»m  conceived  with 
reference  to  every  kind  of  variety  and  idea  of  use  (n.  581). 
Moreover,  the  differences  between  the  different  species  of  diis 
sense  are  very  con^icuously  represented  in  the  papillse  of  each 
viscus ;  for  in  one  place  we  find  large,  in  another  comparatively 
small  papillse;  in  one  place  the  papillse  are  tender  and  delicate, 
in  another  hard ;  in  one  place  thinly  scattered,  in  another  place 
set  more  thickly  (r).    In  these  and  all  other  particulars  we  see  a 

(r)  **Tbit  fourth  or  innermost  coat  [of  the  oesophflgos]/'  says 
Winslow,  *' resembles  that  of  the  intestinesy  except  that  instead  ci 
villi  it  has  very  small  and  short  papillse."  (Part  I.,  p.  91,  n.  76.)  Ee- 
specdng  the  duodenum  the  same  anthor  says :  "  the  entire  warhce  of 
the  valves  [valvulse  oonniventes]  is  villous,  as  well  as  that  of  the  in- 
terstices between  them.  The  villous  coat  of  thb  intestine  is  thidcer 
than  that  of  die  stomach ;  but  its  substance  does  not  so  much  appear 
to  be  villous,  as  fongoiis  and  granular,  composed  of  an  immense  num- 
ber of  fine  papillse  of  different  figures,  in  which  the  microsoope  dis- 
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condition  and  disporitdon  of  parts  manifestly  corresponding  to 
all  the  most  minnte  details  of  uses.  But  the  viscera  themselves 
have  their  bonds  and  relationships,  and  form  series  of  affinities 
according  to  their  functions.  Thus  the  stomach  and  intestines 
form  the  closest  affinities  with  each  other :  the  spleen,  the  pan- 
creas,  and  the  liver  with  the  gall-bladder,  with  each  other :  the 
cellular  coat  of  the  intestines,  the  mesentery,  and  the  thoracic 
duct  with  the  conglobate  glands,  with  each  other;  and  so  on(#). 
By  this  we  may  comprehend  something  further  respecting  the 
natural  partition  of  this  sense  into  specific  differences,  superior 
and  inferior. 

592.  The9e  species  are  divided  again  into  a$  many  particular 
differences  as  there  are  unities  in  each  viseus.  So  that  there  are 
as  many  specific  differences^  as  viscera ;  and  as  many  particular 
differences,  as  unities.    This  again  is  concluded,  not  only  from 


closes  a  multitude  of  depressed  points  and  pores,  by  which  their  whole 
surface  is  pierced."  (Ibid.,  p.  145,  n.  111.)  In  the  jejunum,  again  he 
observes,  that  "  the  papillce  of  the  villous  coat  are  .  .  .  more  raised  and 
wavy  than  in  the  duodenum ;  and  each  of  them  seems  to  be  divided 
into  several  others,  in  a  peculiar  manner.  They  have  been  very  accu- 
rately delineated  by  Helvetius."  (Ibid.,  p.  146,  147,  n.  112.)  In  the 
gall-bladder,  ''the  internal  or  fourth  coat  has  on  the  inside  a  great 
number  of  reticular  folds,  covered  with  small  lacunae,  like  perforated 
pajnlke."  (Ibid.,  p.  260,  n.  195.)  The  case  is  otherwise  in  the  sto- 
msch,  the  liver,  the  ureters,  and  the  bladder,  respecting  which  see 
above,  n.  526  (y). 

(«)  The  viscera  of  the  abdomen  form  one  series,  which  is  divided 
and  subdivided  into  many  others;  and  they  all  respect  the  blood. 
(Ibid.,  p.  312,  n.  227.)  A  trine  is  necessary  in  order  to  conclude  any- 
thing; and  therefore  a  triad  of  viscera  presides  over  every  function. 
(Ibid.,  p.  315,  316,  n.  229.)  How  the  viscera  constitute  certain  series 
with  each  other,  and  how  each  viscus  again  constitutes  a  series  in  its 
own  parts.  (Ibid.,  p.  316,  317,  n.  230.)  How  there  is  a  series  between 
the  stomach  and  the  intestmes.  (Ibid.,  p.  156—164.  n.  124—126.) 
How,  between  the  spleen,  the  panereas,  and  the  liver  with  the  gall- 
bladdier.  (Uid.,  p.  317—322,  n.  231,  and  the  notes.)  Between  the 
qellular  tunic  of  the  intestines,  the  mesentery,  the  thorado  duct,  and 
the  conglobate  gknds.  (Ibid.,  p.  196—198,  n.  149,  150;  p.  222,  n. 
170.)    Also  between  the  kidneys,  the  ureters,  and  the  bladder,  &c. 
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compound  forms,  but  also  from  the  forms  of  unities  or  parts 
(n.  531).  For  the  parts  of  the  same  organ  are  spedfically  dis- 
tinguished from  their  companions  by  differences  and  yariefy, 
and  at  the  same  time  are  conjoined  with  them  in  fitting  har- 
mony (n.  586).  The  tongue  itself  is  a  clear  instance  and  expo- 
nent of  these  differences  between  the  sensoriola  or  pi^pilke; 
consequently  between  the  minute  particulars  of  the  sense  itsdf ; 
for  its  parts,  papiUiform,  glandular,  cartilaginous,  and  the  rest, 
are  constantly  and  everywhere  various;  in  its  extremes,  or  apex 
and  borders,  they  are  more  slender,  thus  more  ciqMkble  of  pas- 
sion and  reaction,  than  in  the  middle,  or  in  the  base,  where, 
following  the  law  of  use,  they  decrease  in  fineness,  number, 
and  mutual  intercourse  (/).  So  likewise  in  the  stomach  and  in- 
testines (tf).  For  nature  ever  plays  her  game  through  continual 
varieties.     Hence  it  follows,  that 

593.  Fnmi  the  variety  of  the  particular  seneaHom  qf  one  vis-- 
cue,  a  common  sensation  arises ;  and  from  the  variety  of  sensations 
of  many  viscera,  a  still  more  common  sensation  arises.  And  from 
all  and  each  of  these  sensations  conveyed  by  the  fibres  to  the  cere- 
bellum, the  soul,  by  mea$u  qf  this  sense,  here  apperceives  specific 
catty  the  states  qf  chylification,  sanguification,  and  purification ; 

(t)  The  papillae  of  the  first  kind  are  arranged  in  such  a  maimer, 
that  the  anterior  ones  form  an  angle.  The  papillae  of  the  second  kind 
lie  on  the  middle  and  anterior  parts  of  the  tongue,  in  greater  or  lesser 
numbers,  and  are  sometimes  most  visible  on  its  edges  (n.  576). 
The  laiger  papillae,  or  those  of  the  first  kind,  according  to  Malpigfai, 
"  are  disposed  in  a  square  on  the  superior  area  of  the  tongue ;  about 
its  middle  r^on  .  .  .  very  few  are  observed:  but  there  are  some, 
and  those  of  considerable  size,  at  the  sides  of  the  base  .  •  .  About  the 
base  of  the  tongue,  instead  of  the  comua,  the  nervous  piqiillae  .  .  . 
[the  papillae  of  the  third  kind]  project  outwards,  and  changing  their 
form,  .  .  .  successively  become  more  obtuse,  rounded,  and  depressed" 
(n.  577) >  And  again  he  says,  speaking  of  the  cartilaginous  bodies, 
"  Near  the  sides  of  the  tongue  they  become  so  small,  as  to  be  almost 
obliterated ;  and  at  the  base  their  place  is  supplied  by  certain  membran- 
ous bodies,  whereof  the  anterior  resemble  cones,  but  the  posterior, 
obtuse  papillae."  (Part  I.,  p.  26,  n.  28.)  Respecting  these  varieties 
in  the  tongue,  see  Ibid.,  p.  55,  56,  n.  47. 

(tt)  See  above,  note  (r). 
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m  a  w€rd,  of  nutrition  {x) ;  and  according  to  the  perception,  dis- 
poses those  viscera  to  the  conservation  of  the  whole  and  the  parts, 
which  is  the  effect  and  use  that  this  sense  produces.  Since  the 
papillary  forms  of  these  viscera  do  not  depend  upon  fibres  ori- 
ginating in  the  cerebrum,  but  upon  fibres  originating  in  the 
cerebellum,  hence  the  touches  in  them  do  not  reach  the  percep- 
tion of  our  general  sensorium,  which  is  laid  in  the  cerebrum 
(n.  527).  According  to  the  sensation  and  a£Pection  there  arises 
a  disposition  to  the  preservation  of  the  part  or  the  whole;  or  a 
change  of  state  in  agreement  with  the  a£Pection ;  then  an  effect 
embodying  the  use  that  the  sensation  produces  (n.  552).  This 
sense  has  the  office  of  taking  cognizance  of,  and  exploring,  the 
whole  of  what  is  taken  by  the  mouth  for  the  purpose  of  serving 
as  nutrition  to  the  body,  and  principally  to  the  blood  (n.  589). 
BfU  at  the  first  point  where  the  tongue  is  affixed  to  the  os  hyoides, 
and  is  succeeded  by  the  pharynx  prefixed  to  the  cesqphagus,  this 
sense  in  a  manner  flies  away,  and  betakes  itself  to  another  senso- 
rium,  that  is  laid  in  the  cerebellum  (n.  527). 

594.  From  taste  as  existing  in  the  tongue,  and  the  idea  thereof 
perceived  in  our  general  sensorium,  we  may  in  some  measure 
comprehend  how  this  sense  is  circumstanced  within  the  viscera. 
When  we  carefully  examine  the  anatomy  of  the  tunics  of  the 
viscera,  we  find,  as  noticed  above,  that  similar  httle  papilliform 
cones,  analogous  to  villi,  stand  out  upon  the  inside  of  them, 
as  upon  the  tongue ;  and  these  are  rubbed  against  by  particles 
of  the  edible  class,  similar  to  those  that  rub  against  the  tongue 
itself:  and  that  the  tongue  is  abundantly  furnished  with  sense, 
we  have  good  reason  to  know  from  taste.  But  as  soon  as  these 
particles,  which  are  gravitating  figures  and  inert  forces,  escape 
past  the  tongue,  and  are  swallowed  by  the  gorge  of  the  pharynx, 

{x)  The  viscera  of  the  abdomen  are  entirely  for  the  sake  of  the 
blood.  (Part  I.,  p.  267,  268,  n.  201.)  Speaking  generally,  their 
offices  are  ehylification,  sanguification,  and  purification ;  and  they  form 
together  the  following  circle  and  everiasting  chain  of  uses ;  namely, 
that  chylification  must  take  place ;  that  what  is  chyHfied,  must  undergo 
sanguification ;  that  what  is  sanguified,  must  undergo  purification ;  and 
that  what  is  purified,  must  undergo  chylification ;  and  so  on  perpe- 
tually. (Ibid.,  p.  269—274,  n.  202;  p.  510,  b\\,  seqq.,  n.  326, 
327,  seqq.) 
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this  seme  is  as  it  were  drowned  in  an  abys^  or  flies  away  in 
smoke,  and  no  longer  stamps  its  mark  upon  onr  sensoriom. 
Hence  we  are  induced  to  believe,  that  the  sense  has  really  era* 
porated  into  nothing;  and  this  so  completely,  that  thereupon 
we  seem  to  wish  to  extirpate  it  from  the  fietmily  of  the  senses, 
and  to  reject  it  among  empty  shades :  supposing  that  what  we 
touch  and  apprehend  by  sense  is  the  sole  reality.  But  this 
judgment  proceeds  from  the  ignorance  and  real  darkness  in 
which  we  are,  respecting  the  principles  of  our  sensations,  par- 
ticularly respecting  the  soul,  and  eren  respecting  our  rational 
mind  itselfl  It  is  surely  plain  and  clear  from  the  common  suf-^ 
frage  of  all  experience,  that  there  are  more  things  that  hH  be- 
yond and  also  above  our  sensitive  sphere,  than  fall  within  it 
Beyond  it  run  all  the  forces  and  modifications  that  mount  im- 
mediately by  the  fibres  to  the  cerebellum  (y)  :  above  it,  all  those 
that  fly  up  through  the  simpler  fibres,  which  are  the  unities  of 
our  sensorium:  and  within  it,  those  only  that  are  formed  of 
myriads  of  forces  and  modes  gathered  tc^ther,  and  that  rise 
to  the  cerebrum.  But  he[ore  I  can  loosen  this  knot,  and  open 
up  a  knowledge  of  the  soul,  and  of  our  common  and  innermost 
sensorium,  I  will  in  the  meantime  complete  this  matter,  which 
is  the  object  of  our  present  investigation,  by  certain  positions, 
which  the  reader  may  stiU  regard  as  doubtful  if  he  pleases. 
Suppose  then  that  there  is  a  soul,  that  explores  those  things 
that  do  not  reach  our  general  sensorium  (n.  565,  566).  Suppose 
that  this  soul,  as  being  most  minute,  perceives  even  proximately 

(y)  It  was  explained  above,  n.  527,  that  all  the  variations  of 
modes  that  rise  to  the  cerebellum,  are  stolen  quite  away  from  our  com- 
mon sensation.  This  is  what  we  mean  by  falling  beyond  the  sphere  of 
our  sensations,  because  beyond  the  cerebrum,  where  our  sensorium  is 
laid  (n.  52S)«  And  we  so  term  it  also  on  this  account,  that  not  only 
the  simpler  modes,  which  are  so  subtle,  that  they  may  be  said  to  be 
lifted  above  that  ^here,  or  else  to  be  hidden  within  it,  bat  also  the 
compound  modes  that  are  carried  up  to  the  c^^bellum  from  our  vis- 
cera, lie  concealed  from  and  escape  our  common  sensation.  The  fibre 
of  the  cerebrum  occupies  the  very  ultimate  boundaries,  or  the  muscular 
and  sensorial  circumference  of  our  kingdom  :  but  the  fibre  of  the  cere- 
bellum has  for  its  lot  the  whole  mterior  field  circumscribed  by  these 
boundarienf,  where  the  viscera  of  the  thorax  and  abdomen  live  (a.  527). 
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the  very  esaencea  of  objects  (n.  664).  Suppose^  therefore,  that 
it  has  a  full  sense,  intemal  to  itself,  of  the  agreement  of  those 
objects  with  the  state  of  the  body  (n.  672).  Sappose  still  fur- 
ther that  it  is  the  soul^s  chiefest  end  and  love,  to  hold  in  society 
and  connexion  with  itself,  entire  and  together,  all  aiid  singular 
things  that  are  rightly  coordinated  and  subordinated  in  the  sys- 
tem of  the  body :  consequently  that  all  those  things  that  favor 
that  conjunction  and  love,  represent  themselves  to  the  soul  by 
a  species  of  delight;  and  all  others,  that  infringe  the  connexion 
and  disturb  the  order,  are  undelightful  to  the  soul,  and  it  re- 
gards them  with  aversion  and  dread.  F)ram  these  posUiom  it 
follows,  that  this  sense  qffects  the  soul  altogether  differently  to  the 
manner  m  which  it  dfffects  the  princy^les  of  our  general  sensorium : 
those  things  which  are  delightful  to  us  sometimes  effecting  the  soul 
unpleasantly ;  and  those  which  are  unpleasant  to  us  affecting  the 
soul  with  delight ;  for  all  things  taste  according  to  knowledge  and 
affection  resulting  therefrom.  The  senses  do  not  indicate  to  us 
the  essence,  form,  and  nature,  that  objects  have  inwardly,  but 
only  that  they  have  outwardly ;  consequently  only  their  figure 
or  external  form  (n.  669).  From  these  considerations,  I  think 
we  in  a  measure  comprehend  how  this  sense  is  circumstanced 
within  the  viscera ;  and  still  more  clearly  when  we  know,  that 
the  soul  judges  of  pleasure  from  utility,  but  our  sensorium,  in 
the  inverse  way,  or  of  utility  from  pleasure. 

695.  Moreover  in  the  tongue  itseff  there  are  few  things  that 
faU  under  our  perception  or  sensation;  or  within  the  sphere  of 
our  sensation;  which  few  things  consist  only  of  the  general 
mutations  existing  simultaneously  in  the  whole  crowd  of  papiUse, 
both  those  of  the  first,  second,  and  third  kinds ;  for  all  these, 
when  excited  by  touch,  exhibit  but  one  simultaneous  idea,  be- 
cause one  confrised  harmony,  or  rather  agreeable  or  disagreeable 
discordance.  The  varieties  answering  to  the  diversity  of  touches 
in  the  several  papillae,  multiplied  in  each  genus  of  papillse 
(n.  683),  introduce  such  infinite  things  into  one  sense,  that  no 
quantity  can  measure  that  sense,  and  no  number  comprehend 
it.  And  frirthermore,  not  only  do  fibres  from  the  sensorium  of 
the  cerebrum  insinuate  themselves  into  the  papillae  of  this  sense, 
but  also  fibres  sent  forth  from  the  cerebellum,  the  latter  of 
which  draw  this  sense  away  from  our  peremption,  mkI  carry  it 
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quite  in  another  path.  There  are  in  £act  three  pairs  of  nenres 
that  go  to  the  tongue  and  construct  it^  and  are  dedicated  to  its 
three  functions.  The  fibres  of  these  nerves  are  so  connected 
and  complicated,  that  in  each  function  of  the  tongue  they 
maintain  something  common  with  those  fibres  to  which  such 
function  is  peculiar  and  proper*  {z).  Such  is  the  ground 
of  our  ignorance  respecting  the  distinct  functions  of  the  tongue, 
or  respecting  the  offices  of  its  papillae,  respecting  the  organism 
and  seat  of  taste,  the  functions  of  the  glands,  whether  they 
sip  the  essences  that  escape  firom  the  solutions  of  the  food,  or 
whether  they  pour  forth  saliva,  and  whether  at  the  same  time 
they  exercise  a  preliminary  taste :  and  respecting  other  ques- 
tions, that  arise  simply  from  the  obscurity  of  our  sense,  devoid 
of  which  we  feel  our  way  like  the  blind,  and  guess  out  uses  by 
anatomical  inspections  of  the  viscera.    The  case  would  be  alto- 


(z)  For  there  are  nerves  both  from  the  fifth  pair,  and  from  the 
eighth  and  ninth  pairs,  that  enter  the  tongue ;  some  of  which,  with 
their  fibres,  principally  construct  the  muscles,  some  the  glands,  and 
some  the  papillae ;  yet  still  they  seem  to  be  so  complicated  together, 
and  80  mutually  intertwined,  as  everywhere  to  stand  in  a  social  rela- 
tionship to  each  other.  **  We  observe  four  nervous  fiisdculi  or  cords," 
says  Winslow,  "going  distinctly  to  the  base  of  the  tongue,  and  continu- 
ing their  course  to  the  apex.  Two  of  these  are  branches  ...  of  the  third 
branch  of  the  fifth  pair.  .  .  .  The  other  two  are  branches  of  the  ninth 
pair.  The  lesser  portion  or  first  branch  of  the  eighth  pair,  sends  like- 
wise a  nerve  to  each  side  of  the  tongue.  The  great  lingual  nerve  ...  is 
distributed  to  the  muscular  fibres  all  the  way  to  the  i4>ex  of  the  tongue ; 
communicating  by  several  filaments  with  the  .  .  .  branch  of  the  fifth 
pair,  and  with  the  nerve  from  the  eighth  pair,"  &c.  (n.  576).  The 
eighth  pair  of  nerves,  or  the  par  vagum,  arises  from  the  medulla  cere- 
belli  (n.  527,  c,  d).  The  tongue  has  three  common  offices,  to  undergo 
motion,  to  take  a  preliminary  sip  of  the  essences  of  the  food,  and  to 
explore  those  essences  by  sense ;  and  its  proper  offices  are  derived  from 
these.  (Part  I.,  p.  35—37,  n.  34 ;  p.  37,  38,  n.  35 ;  p.  42—44, 
n.  41,  &c.) 

*  The  meaning  appears  to  be,  that  each  organ  of  the  tongoe,  motorial,  libato- 
rial,  and  sensorial,  besides  having  its  own  function  in  a  particnlar  manner,  inYt^Tea 
tbe  two  other  Ainctions  also  in  a  general  manner. — (JV.J 
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gether  diflTerent  did  not  the  greatest  part  of  this  sensation  slip 
away  from  us  (a). 

596.  The  essential  and  innermost  [impressions']  of  this  sense 
report  themselves  distinctly  to  the  soul  alone :  just  as  in  the  sense 
of  touchy  in  which  it  was  ohserved^  that  the  mutations  that 
exist  within  each  papilla  give  the  real  essence  and  life  that  there 
is  in  this  sense  (n.  564).  Which  mutations  are  most  distinctly 
presented  to  the  soul,  which  alone  gives  the  power  to  feel ;  and 
this,  according  to  the  oi^nic  form  in  which  the  soul  has  disposed 
and  combined  the  fibres  and  papillae  (n.  565).  The  essential  or 
innermost  [impressions]  of  sense  are  those  that  transcend,  or 
rise  above  the  sphere  of  our  sensorium,  or  what  amounts  to  the 
same  thing,  hide  themselves  deeply  within  it :  as,  for  instance, 
in  the  tongue,  those  that  conceive  and  generate  the  sense  as  it 
were  from  its  seed;  which  sense,  after  it  has  developed  itself 
into  a  large  organic  body,  is  then  for  the  first  time  perceived  by 
the  sensoria  of  the  body,  and  being  palpable,  is  acknowledged 
to  be  something.  Thus  the  tongue,  like  the  other  sensorial  organs, 
is  governed  by  two  rulers ;  to  unt,  by  our  understanding  according 
to  the  will,  and  by  our  soul,  (u.  565,  ad  fin.) 

(a)  "  No  less  disagreement  is  there  among  anatomists,"  says  Mal- 
pighi,  "  respecting  the  precise  seat  of  taste.  The  generality  of  writers 
have  believed  it  to  be  the  office  of  the  parenchyma  of  the  tongue  ; 
others  have  thought  that  it  is  seated  in  the  nervous  ofiFisets  ;  others,  in 
the  extended  and  surrounding  membrane  ;  and  the  last  opinion  given  to 
the  world  is,  that  the  tonsils,  which  are  placed  at  the  root  of  the 
tongue,  should  be  considered  as  the  principal  gustatory  organ.  I  need 
not  notice  the  lengthy  controversies  respecting  the  division  of  the 
tongue,  .  .  .  and  its  uses  ;  further  than  to  remark,  that  amid  so  great 
a  fluctuation  of  opinion,  I  shall  regard  my  labor  as  not  altogether  in 
vain,  if  I  can  establish  firmly  any  point,  be  it  ever  so  small."  (Exercit, 
Epistolic.  de  Lingud,  p.  13;  fol.  Londini,   1686.) 


THE    END. 
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BIBLIOGRAPHICAL  NOTICES 

KE8PECTINO    CERTAIN     AUTHORS     CITED     IN     THE 

ANIMAL  KINGDOM. 


The  following  noticei  comprise  those  authors  only  from  whose  works  Swedenborg 
has  cited  passages,  or  to  whose  plates  he  has  made  detailed  reference.  Many  of  the 
names  in  the  preceding  Index  are  simply  mentioned  by  him,  or  else  occur  in  the 
passages  that  he  quotes  from  other  authors ;  and  therefore  it  has  appeared  unnecessary 
to  dwell  upon  them  here.  In  general,  only  those  particulars  are  given  that  connect 
the  authors  with  the  *'  Animal  Kingdom ;"  none  of  their  works  being  noticed  but 
those  to  which  Swedenborg  refers,  nor  their  discoveries  dwelt  upon  unless  they 
illustrate  his  doctrines. 

These  notices  are  principally  drawn  from  the  following  works  : 

Haller's  **  Bibliotheca  Anatomica,"  2  vols.  4to.,  Zurich,  1774—1777. 

Eloy's  ''  Dictionnaire  Historique  de  la  M^decine  andenne  et  modeme,''  4  vols. 
4to.,  Mons.,  1778. 

The '*  Biograplue  Uniyerselle,''  52  toIs.  8vo.,  Paris,  1811—1828. 

Chambers"*  Biographical  Dictionary,"  32  vols.  8vo.,  London,  1812—1817. 

Aikin's  "  General  Biography,"  10  vols.  4to.,  London,  1799—1815. 

The  **  Penny  Cyclopsedia  of  the  Society  for  the  diffusion  of  Useful  Knowledge." 
27  vols.,  London,  1833—1843. 

For  the  most  part  these  notices  lay  claim  to  no  greater  accuracy  than  is  guaranteed 
by  the  above  sources. 


Bartholin  or  Bartholine,  Thomas,  a  Danish  physician  and  anatomist,  bom 
at  Copenhagen  in  1616,  died  at  the  same  place  in  1680.  I.  Thomas  Bar- 
tholin published  the  **  Institutiones  Anatomicse"  of  his  father,  Caspar  Bartholin, 
under  the  title,  "  Anatomia  ex  Caspari  BarthoUni  parentis  Institutionibus,  omni- 
umque  recentiorum  et  propriis  observationibus  locupletata ;"  8vo.,  Leyden,  1641 ; 
and  the  work  was  translated  into  various  languages.  It  appeared  a  second  time 
with  additions,  8vo.,  Leyden,  1645.  A  third  time,  with  further  additions,  8vo., 
Leyden,    1651 ;    8vo.,   the  Hague,   1655,   1660,  1663,  1666 ;    8vo.,  Leyden  and 
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Rotterdam.  1669.  This  third  edition  of  Bartholin  was  translated  into  English, 
folio,  London,  1668.  The  work  appeared  a  fourth  time,  with  the  new  anatomical 
discoveries  of  Steno,  Swammerdam,  Regner  de  Graaf,  and  Ruysch,  8vo.,  Leyden, 
1673;  8to.,  Ibid.,  1686;  8vo.,  Lyons,  1677;  8vo.,  Ibid.,  1684.  It  was  the 
common  text-book  in  the  schools  until  the  publication  of  Verheyen's  Anatomy  in 
1693.  II.  T.  Bartholin's  '*  Acta  Medica  et  philoaophica  Hafaieniria,"  a  work  con- 
taining many  contributions  fh>m  his  pupils  and  others,  and  tome  papers  of  his 
own,  was  published  in  5  yohunes,  4to.,  Copenhagen,  1671 — 1680. 

BiDLOO,  GoDFRBT,  a  Dutch  anatomist,  bom  at  Amsterdam  in  1649,  died 
at  Leyden  in  1713.  He  published  105  folio  plates,  representing  the  anatomy  of  dif- 
ferent parts  of  the  body,  which  were  admirable  as  works  of;  art,  having  been 
engraved  by  G.  de  Lairesse,  but  deficient  in  point  of  accuracy.  (''  Anatomia  Cor- 
poris humani  centum  et  quinque  tabulis  per  artifidosissimum  G.  de  Lairesse  ad 
vivum  delineatis  demonstrata,  &c.,  Amstelodami,  1685,  in  fol.  maximo  regalL**) 
This  work  was  republished  with  some  additions  by  Cowper.  (See  Cowper.) 

BoBRHAATB,  Hbrmann,  the  most  celebrated  physician  of  his  age,  bom  in 
1668,  at  Voorhout,  near  Leyden,  in  Holland,  died  at  Leyden  in  1737.  He  was 
the  author  of  numerous  works  of  high  reputation  on  medicine  and  the  collateral 
sciences.  His  **  Institutiones  Medicae  in  usus  annuae  exercitationis  domesticos  di- 
gestae,"  was  published  in  8vo.,  Leyden,  1708,  1713,  17*20,  1727,  1734,  and  1746. 
The  edition  of  1708  was  a  very  small  work,  but  the  following  editions  were  gradually 
enlarged,  until  that  of  1727,  after  which  nothing  was  added.  This  work  has  been 
reprinted  frequently  in  different  countries,  and  translated  into  various  languages, 
having  been  a  text-book  in  the  medical  schools  of  Europe  for  many  years.  It  is 
doubtful  what  edition  was  made  use  of  by  Swedenborg.  HaUer,  who  was  a  pupil  of 
Boerhaave,  published  his  lectures  under  the  title,  '*  Prelectiones  in  Institutiones  Rei 
Medicae,"  7  vols.  8vo.,  Gottingen,  1739—1744;  and  the  work,  together  with  tiie 
''  Institutiones,"  was  translated  into  English,  (but  witiiout  mentioning  HaDer's 
name,)  as  *'  Dr.  Boerhaave's  Academical  Lectures  on  the  Tlieory  of  Physic,"  6  vols. 
8vo.,  London,  1742;  anded.  2,  1751.  Besides  this  there  are  two  English  trans- 
lations of  Boerhaave*s  **  Institutiones ;"  one  by  Dr.  Browne ;  the  other,  radier  a 
paraphrase  than  a  translation,  by  Dr.  John  Crawford,  entitled,  **  Cursus  Medidnae ; 
or  a  Complete  Theory  of  Physic,  &c.  Done  principally  fix>m  those  learned  institu- 
tions of  the  learned  H.  Boerhaave,"  &c.,  8vo.,  London,  1724.  These  versions  give 
no  idea  of  Boerhaave's  terse  and  comprehensive  style.  His  fame  is  founded 
upon  his  **  Institutiones  Medicae"  and  **  Aphorismi  de  cognoscendis  et  curandis 
morbis."  Perhaps  no  book  of  equal  sixe  in  the  literature  of  medicine  involves  more 
thought  and  learning  than  the  former  of  these  works.  The  first  portion  of  it  con- 
tains an  eclectic  system  of  physiology,  mechanical,  chemical,  and  humoral.  Boer- 
haave contends  for  the  existence  of  the  animal  spirits,  elaborated  in  the  cortex 
cerebri,  and  adduces  many  rational  grounds  for  his  belief.  (Inst.  Med.  n.  274 — 
285.)  It  is  said  that  Swedenborg  attended  his  instractions,  at  the  same  time  as 
Monro,  the  reputed  discoverer  of  the  foramen  of  Monro ;  but  this  is  uncertain.  It 
is,  however,  clear  that  Swedenborg  was  a  diligent  student  of  Boerhaave's  works, 
and  his  style  in  many  parts  of  the  '*  Regnum  Animale"  cannot  fail  to  remind  the 
reader  of  the  nqiid  manner  and  full  sentences  of  Boerhaave :  see  as  examples  Swe- 
denborg's  descriptions  of  the  spleen,  the  cuticle,  and  the  cutis.  To  Boerhaave  the 
world  is  greatly  indebted  for  the  preservation  of  Swammerdam's  posthumous  works. 
(See  Swammerdam.)     Haller  terms  him  *'  the  common  preceptor  of  Europe  at  the 
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beginning  of  the  eighteenth  centnry ;"  and  says  of  him  as  a  phjnologist,  that  "  he 
was  wont  to  recognize  many  causes  contributing  to  every  function,  and  not,  as 
sectaries  do,  to  rest  in  some  single  cause,  to  the  suppression  of  all  the  rest." 

BauNN  or  Brunnbr,  J.  Conrad  a,  a  Swiss  physician,  bom  at  Diessen- 
hofen  in  1653,  died  at  Manheim  in  1727.  His  work  entitled,  **  Gianduls  Duodeni, 
seu  Pancreas  secundarium  detectum,  aocedit  Dissertatio  de  Glandul4  Pituitari4," 
was  published  in  4to.,  Frankfort  and  Heidelberg,  1715.  Iliere  are  two  editions  an- 
terior to  this,  one  of  1687,  the  other  of  1688,  but  under  the  title,  *'  De  Glandulis 
in  Duodeno  intestine  detectis."  Brunn,  like  Swedenborg,  holds  that  the  pituitary 
is  a  conglobate  gland,  and  the  percolator  of  the  lymphs  of  the  brain. 

Chkssldbn,  William,  an  English  surgeon  and  anatomist,  bom  at  Somerfoy 
in  Leicestershire,  in  1688,  died  in  1752.  I.  **  Treatise  on  the  high  operation  for  the 
Stone,''  8to.,  London,  1723.  II.  *'The  Anatomy  of  the  Humane  Body,"  8vo., 
London,  1713,  1722,  1726,  1730,  1741,  1750,  1752,1778.  This  is  an  excellent 
anatomical  treatise. 

CowFBR,  William,  an  English  surgeon  and  anatomist,  died  in  London  in 
1710.  I.  His  **  Myotomia  Reformata,  or  a  new  administration  of  all  the  muscles 
of  the  human  body/'  was  published  in  8to.,  London,  1694  ;  and  a  second  edition, 
more  correct  than  the  first,  by  Dr.  R.  Mead,  folio,  London,  1724.  II.  "The 
Anatomy  of  Human  Bodies,"  folio,  Oxford,  1697 ;  folio,  London,  1698 ;  edited 
by  C.  B.  Albinus,  fol.  max.,  Leyden,  1737 ;  folio,  Utrecht,  1750.  This  work  con- 
tains  the  105  plates  of  Bidloo,  with  certain  alterations  in  his  explanatory  text,  and 
40  figures  in  nine  plates  proper  to  Cowper.  The  latter  made  no  sufficient  acknow- 
ledgment of  his  debt  to  Bidloo,  who  therefore  accused  him  of  plagiarism,  before 
the  Royal  Society ;  a  charge  which  he  met  by  a  lame  defence  in  a  malicious  pamphlet 
caUed  <'  Eucharistia." 

EusTAOHiuB,  BABTHOLOMiBus,  a  Celebrated  Italian  anatomist,  bom  in  the 
eariy  part  of  the  sixteenth  century  at  San  Severino,-  in  the  Marquisate  of  Ancona, 
died  at  Rome  in  1570,  or  1574.  I.  Eustachius  published  only  a  few  short  treatises, 
which  are  nearly  all  collected  in  his  <'  Opuscula  Anatomica :  nempe  de  renum  struc- 
tur4,  officio  et  administratione ;  de  organis  auditus;  ossium  examen;  de  motu 
capitis ;  de  Ven4  quae  ec^vyof  Grseds  dicitur,  et  de  a]i4  quse  in  flexu  brachii  com- 
munem  profimdam  producit;  de  dentibus."  This  work  was  published  in  4to., 
Venice,  1563,  1564;  with  the  notes  of  Finns,  ibid.,  1574;  again  in  1653;  by 
Boerhaave,  8yo.,  Leyden,  1707 ;  8yo.,  Delft,  1726.  It  was  one  of  the  first  works 
of  the  kind,  founded  upon  repeated  dissections,  and  upon  the  comparison  of  dif. 
ferent  subjects;  and  is  of  authority  eren  in  the  present  day.  II.  Eustachius 
deroted  many  years  to  a  great  work,  **  De  Anatomicorum  Controversiis,"  which, 
however,  he  nerer  published,  and  the  manuscript  is  lost :  but  thirty-nine  copper 
plates,  engrayed  as  early  as  1552,  and  intended  to  illustrate  the  text  of  this  work, 
were  found  at  Urbino  in  1712,  and  given  to  the  world  two  years  afterwards  by 
Landsi,  with  the  aid  of  Morgagni  and  other  distinguished  anatomists.  (**  Eustachii 
Tabulae  Anatomicse,  quas  e  tenebris  tandem  vindicatas,  prsfatione  notisque  illus- 
trayit  Joannes  Maria  Landsi,"  folio,  Rome,  1714.)  Several  editions  of  this 
work  have  appeared  with  voluminous  commentaries;  by  Manget,  at  the  end  of 
his  *'Theatnim  Anatomicum,"  folio,  Geneva,  1717;  folio,  Amsterdam,  1722; 
folio,  Rome,  1728,  an  excellent  edition;  by  Gaston  Petrioli,  folio,  Rome,  1740; 
by  B.  S.  Albinus,  folio,  Leyden,  1744  and  1762.  This  work  contains  the  thirty* 
VOL.  11.  B  Br 
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nine  plates  which  had  been  disoovered,  and  eight  others  that  were  already  known. 
The  best  editions  are  those  of  Albinns.  Swedenborg  nsed  that  of  Manget,  whidi 
is  not  a  good  edition.  It  comprises  the  fbrty^seren  plates  in  twenty-one,  and  in 
other  respects  is  a  reprint  of  Landsi's  edition.  HaUer  describes  Eostaduns  as  t 
man  of  keen  powers,  with  a  natoral  aptitude  for  dtsoovery,  and  for  delicate  and 
difficult  anatomical  investigations,  who  embraced  in  his  labors  a  larger  fidd«  snd 
made  more  discoveries,  and  corrections  of  prerions  errors,  than  any  odier  anatomist. 
Fantoni  or  Fantonus,  Joannes,  bom  at  Turin  in  1675,  died  in  1758. 
I.  **  Dissertationes  Anatomicse  XI.,"  8vo.»  Turin,  1701.  11.  **  AnatomU  cor. 
poris  humani  ad  usum  Theatri  Medici  aooommodata,"  4to.,  ibid.,  1711.  Vm 
edition,  which  is,  in  fbct,  a  part  of  the  preceding  work,  relates  to  the  anatomy  of 
the  abdomen  and  thorax  only.  III.  **  Dissertationes  Anatomicse  septem  priores 
renorats,  de  Abdomine,"  8to.,  ibid.,  1745. 

Glisbon,  Francis,  an  English  physician,  bom  at  Rampisham  in  Dorsetshire 
in  1597,  died  at  London  in  1677.  I.  His  '' Anatomia  Hepatis"  was  published  in 
8to.,  London,  1654;  12mo.,  Amsterdam,  1659  and  1665;  r2mo.,  the  Hague, 
1681.  The  last-named  edition  is  said  to  be  the  best  II.  His  *<  Tractatns  de  Ven- 
triculo  et  Intestinis,"  was  published  in  4to.,  London,  1676 ;  12mo.,  Amsterdam, 
1677.  Both  the  preceding  works  are  given  in  Bfanget's  **  BSbliotfaeca  Anatomica." 
GUsson's  works  were  collected  and  published  at  Leyden  in  3  vols.  12mo.,  in  1691 
and  1711.  {**  Opera  Omnia  Medioo-Anatomioa.'')  Boerfaaave  describes  Glissoo  as 
'*  the  most  exact  of  anatomists."  According  to  HaUer,  be  was  the  first  who  inves- 
tigated the  nature  of  fibre,  and  who  contradistinguished  irritability  from  sensibility ; 
yet  his  doctrine  in  this  respect  must  have  been  unlike  the  modem  one,  for  with  him 
*' irritabilitas  supponit  perceptionem,"  and  "naturalis  peroeptio  fibris  insit.*' 
(Tr.  de  Vent.,  tr.  iL,  cap.  vii.)  Respecting  the  animal  spirits,  be  says:  '*  Dan 
spiritus  animales  baud  gravatim  concessero.  Omnes  props  Medici  omnesque  philo- 
sophi  uno  quasi  ore  idem  testantur."    (Ibid.,  cap.  viii.) 

Graaf,  Rbonbr  db,  a  Dutch  physician,  bora  at  Schoonhove  in  1641,  died  at 
Delft  in  1673.  I.  His  treatise,  <'  De  Sucoo  Pftncreatico,"  or  "  Disputatio  Medics 
de  Naturi  et  usu  Sued  Ptocreatid,"  was  published  in  12mo.,  Leyden,  1664  ;  and 
again  with  additions,  8vo.,  1671  and  1674;  and  translated  into  French,  12mo., 
Paris,  1666.  II.  "  De  Virorum  organis  generationi  inservientibus,  &c.,"  Svo., 
Leyden  and  Rotterdam,  1668,  1670,  1672.  De  Oraaf  introduced  the  anatomical 
syringe  and  made  use  of  liquid  injections.  His  works  were  collected  after  his  death. 
("  Opera  Omnia,"  8vo.,  Leyden,  1677;  8vo.,  1678;  8vo.,  Amsterdam,  1705.) 

Hbistbb,  Lau&bncb,  a  German  anatomist  and  surgeon,  bora  at  Frankfort  on 
the  Maine  in  1683,  died  at  Helmstadt  in  1758.  His  "  Compendium  Anatomicum 
veterum  reoentbrumque  observationes  brevissime  complectens,"  was  published  in 
4to.,  Altorf,  1717;  8vo.,  Altorf  and  Nuremberg,  1719,  1727,  1732,  1741,  1761; 
8vo.,  Amsterdam,  1723,  1748;  4to.,  Freyberg,  1726;  8vo.,  Venice,  1730:  in 
English,  8vo.,  London,  1721,  1752.  It  was  translated  into  nearly  all  the  km- 
guages  of  Europe.  (See  Senae,)  Many  additions  were  made  to  it  m  the  edition  of 
1732,  and  again  in  that  ci  1741.  It  is  uncertain  what  edition  was  made  use  of  by 
Swedenborg.  Heister's  work  is  in  the  tabular  form.  Verheyen's  Anatomy,  which 
had  superseded  T.  Bartholin's,  was  in  its  turn  superseded  by  Heister's,  which  naet 
with  immense  and  well-merited  success,  and  maintained  its  ground  for  a  long  time 
in  the  medical  schools  of  Europe.     Heister  regarded  anatomy  as  the  handmaid  of 
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theology :  and  he  has  the  foUowmg  fine  passage  respecting  the  ends  of  anatomy : 
**  Finis  anatomes  multiplex  est :  primarins  tamen  est  opemm  mirahilittm  Supremi 
Numinis  in  oorpore  hnmano  alionimque  »nim«1lnnn  cognitio  et  adnuratio :  cum 
artificiosissimsB  feibricse  contemplatio,  partium  admiranda  figure,  connezio,  com- 
municatio,  actio  et  usus,  Creatoris  non  solum  ftTistentiam,  sed  et  immensam  et 
stupendam  si4[>ientiam  manifestissime,  contra  atheos,  demonstrent,  et  ad  cultum  ac 
veneretionem  ejus  invitent;  ideoque  finis  primarius  Anatomiie  gloria  Dei  esto. 
Atque  hoc  sensu  Anatomia  Philosophica,  aut  Physica,  imo  Theologica  vocari  potest, 
omnibus  vene  sapientise  ac  Theologise  cultoribus  ntilissima.'^  (**  Ck>mp.  Anat.," 
n.  8.)  Heister  wrote  several  special  treatises  on  the  application  of  anatomy  to 
Theology.  (De  Utilitate  Anatomes  in  theologift  generetim,  4to.,  Altorf,  1717  :  ex 
ventriculi  febric4,  4 to.,  1719  :  ex  £id>ric&  intestinorum  tenuium,  4to.,  1720  :  et  ex 
intestinorum  crassorum  fBibricli,  4to.,  1720  i  ex  musculis  et  mirabili  corporis  motu, 
4to.,  Helmstadt,  1721 :  exnervis,  4to.,  1721 :  ex  partibus  generetionis,  4to.,  1723i 
ex  ossibus  et  eorum  nexibus,  4to.,  1727  :  ex  mammis,  4to.,  1730.) 

Lakcisi,  Joannes  Maria,  an  Italian  physician,  anatomist,  and  physiologist, 
bom  at  Rome  in  1654,  died  in  1721.  I.  His  *'  Epistok  de  humorum  secretionibus 
in  genere,  et  pnedpue  de  bihs  in  hepate  separatione  cum  historic  hepatis,''  or, 
**  Bpistola  de  bilis  secretione  ad  Joannem  Baptistam  Bianchi,"  was  published  in  4to., 
Turin,  1711:  4to.,  Geneva,  1725;  and  with  his '*  Opera  Omnia,''  4to.,  Geneva, 
1718;  2  vols.  4to.,  1725;  folio,  Venice,  1739;  4  vols.  4to.,  Rome,  1745.  II. 
His  **  Dissertatlo  de  Yenk  sine  pari,"  was  published  with  Morgagni's  **  Adversaria 
Anatomica''  V.  (See  Morgagni.)  III.  His  work,  "  De  Motu  cordis  et  Aneurys. 
matibus,'*  commenced  in  1700,  was  published  after  the  author's  death,  fotio,  Rome, 
1728 ;  4to.,  ibid.,  1735 ;  4to.,  Naples,  1738 ;  folio,  Venice,  1739 ;  4to.,  Leyden, 
1743.  IV.  Lancisi  edited  the  plates  of  Eustachius.  (See  Etatackiui,)  He  was  a 
man  of  philosophical  tendencies,  and  the  first  portion  of  his  work  on  the  motion  of 
the  heart  is  admirable  in  this  respect.  He  gives  the  following  good  advice  to  the 
students  of  medicine :  *'  Interim  vero  futurum  consulo,  ut  medicinse  tyrones  agno- 
scant,  atque  identidem  revocent  in  memoriam,  permagni  interesse  ad  naturae  operam 
(cum  spe  inveniendi)  nunquam  accedere,  quin  prius  leges,  ac  prindpia,  quibus  tum 
natura,  tum  ars  operatur,  apud  animum  suum  consuluerint :  unum  enim,  idemque 
Divinum  exemplar  torn  natura,  et  ars  propriis  in  actionibus,  tum  philosophus  in 
rectis  cogitationibus  semper  imitatur."  He  reoommends  the  study  of  analogies,  for 
says  he :  **  Pleraque  in  re  medicli  per  analogiam  inventa  sunt."  (Op.  cit,  lib.  i., 
sec.  L,  cap.  iii.,  prop.  xviL) 

LsBuwBNHOBK,  LiEBvwBNHOBCK,  or  Lbuwvnhobok,  Antont  Von,  a  Cele- 
brated Dutdi  microsoopiat,  and  maker  of  microscopes,  bom  at  Delft  in  1632,  died 
in  1723.  I.  His  <*  Arcana  Naturae  detecta"  was  published  in  4to.,  Delft,  1695; 
4to.,  Leyden,  1722.  II.  *'  Contmuatio  Arcanorum  Nature  detectorum,"  4to., 
Delft,  1697;  4to.,  Leyden,  1722.  III.  *' Epistohe  Physiologicte,"  4to.,  Delft, 
1719.  Many  of  this  author's  works  consist  of  lettera  whidi  were  inserted  in  the 
« Philosophical  Transactions."  They  were  mostly  published  in  Dutch,  and  after- 
wards translated  into  Latin.  Leeuwenhoek  devoted  himself  unintermittmgly  for 
fifty  yean  to  the  use  of  ^  microscope,  apparently  without  any  other  end  tiian  the 
accumulation  of  experimental  knowledge;  for  he  neither  attempted  to  found  a 
theory,  nor  to  draw  conclusions  :  nevertheless,  he  pursued  his  minute  researches  with 
too  much  singleness,  not  to  have  elidted  many  fiicts  which  were  of  use  to  othera. 
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Malpiohi,  Marcbll0B»  a  celebrated  Italian  anatomist,  bora  near  Bologna  in 
1628,  died  at  Rome  fai  1694.  I.  He  pnbliihed  his  *'  Epiatol«  dne  de  Pnlmonibiu/' 
folio,  Bologna,  1661 ;  and  ^bs  work  was  rq[>rinted  by  Bardiolin,  8to.,  Copenhagen, 
1663  ;  12mo.,  Leyden,  1672;  in  Manget's  **  Bibliotheca  Anatomica;''  and  12nio., 
Frankfort,  1678.  II.  "  Tetras  Anatomicamm  Epistdanim,  De  lingnli,  de  Cer^ro, 
de  ezterno  Tsctos  Organo,  De  Omento,  de  FSngnedine  et  Adiposis  Dnctibos," 
12mo.,  Bologna,  1661,  1665;  12mo.,  Amsterdam,  1669.  III.  "  De  Visoenun 
stractori  ezerdtationes  anatomicae,  aocedit  Disaertatio  de  Poljpo  Cordis,''  4to., 
Bologna,  1666 ;  12mo.,  Amsterdam,  1669 ;  12mo.,  London,  1669 ;  12mo.,  Jena, 
1677,  1683  ;  12mo.,  Frankfort,  1678  :  in  Frendi,  12mo.,  Fsris,  1683  ;  by  SauTaUe, 
12mo.,  MontpeOier,  1683 ;  8to.,  1687.  Tliese  dissertations  are  fire  in  nvmber. 
1.  De  Hepate.  2.  De  Cerebri  Cortioe.  3.  De  Renibns.  4.  De  liene.  5.  De 
Folypo  Cordis.  IV.  **  Dissertatio  Epistolica  de  Formatione  PolU  in  Ovo,"  4to., 
London,  1673;  in  Frendi,  12mo.,  Piuis,  1686.  V.  '*  Dissertatio  Epistolica  de 
Bombyce,"  4to.,  London,  1669:  in  French,  12mo.,  Ptns,  1686.  Hie  works 
written  by  Bialpigfai  nntil  1681  were  published  widi  Um  title  of  **  Opera  Omnia," 
2  tom.,  folio,  London,  1686,  1687 ;  and  2  tom.,  4to.,  Leydeo  and  Amsterdam, 
1687.  Hie  Dntdi  edition  is  Um  best,  and  has  a  Tahiable  index  :  Um  London  edition 
k  inaccorate.  YI.  "  Epistola  de  Glandnlis  Conglobatis,"  4to.,  London,  1689; 
4to.,  Leyden,  1690.  VII.  Blalpighi's  '*  Opera  Posdrama''  iqppeared  in  folio,  London, 
1697;  2  Tols.  4to.,  Leyden  and  Amsterdam,  1698,  1700;  foUo,  Venice,  1698. 
Hie  London  edition  of  Uie  Posdimna  is  Tery  incorrect ;  Uie  Dntdi  edition  somewhat 
better.  The  whole  of  Malpighi's  works  were  published  by  GaTindli,  folio,  Venice, 
1743.  Most  of  his  works  have  been  reprinted  in  Manget's  *'  Bibliodieca  Anatomica." 
Several  of  tiie  best  of  ihem  were  addressed  to  tiie  Royal  Society  of  London,  of 
which  Malpighi  was  an  honorary  member.  He  wrote  in  crabbed  and  difficult  Latin, 
so  that  it  is  sometimes  almost  impossible  to  guess  his  meaning.  He  was  one  of  the 
first  who  made  use  of  ^  microscope  in  anatomical  investigations,  and  who  endeaTcnned 
to  penetrate  tb»  intimate  structure  of  the  viscera  experimentally ;  in  this  he  was  very 
sucoessfol,  and  laid  the  foundation  of  our  present  knowledge  of  visoersl  anatomy. 
His  works  on  the  viscera  are  constantly  iqppealed  to  in  ^  present  day,  but  have 
never  been  translated  into  English.  He  was  a  sagacious  observer,  and  by  no  means 
destitute  of  mediod,  and  philosophical  instinct  In  philosophy,  Malpighi  was  a 
follower  of  Borelli,  who,  according  to  HaUer,  was  Uie  first  that  applied  matfaematica 
to  physiology. 

Manobtus  or  Manobt,  Joannes  Jacobus,  a  laborious  compiler,  bora  at  Geneva 
in  1652,  died  at  the  same  place  m  1742.  His  '*  Theatrum  Anatomicum  cum  Eustadiii 
Tabulis  Anatomicb,"  was  published  in  2  vols.,  folio,  Cologne  and  Geneva,  1716. 
This  compilation  is  not  m  much  esteem  :  nevertheless  it  will  be  usefol  to  Uie  student 
of  the  '*  Animal  Kingdom,"  from  the  number  of  well-executed  plates  by  the  best 
authon  which  it  contains,  and  from  its  embodying  nearly  all  Uie  discoveries  of  the 
17di  century.  It  was  severely  handled  by  Morgagni  throughout  his  ''Adversaria 
Anatomica"  II. — ^VI. ;  and  by  Heister  in  Uie  preface  to  his  *'  Compendium  Anato- 
micum."  Le  Clerc  and  Manget  published  together  alaige  work  entitled,  '*  Bibliotheca 
Anatomica,"  2  vols.,  folio,  1685 ;  2  vols.,  folio,  Geneva,  1699.  An  abridgement 
of  it  was  published  in  English,  3  vols.  4to.,  London,  1711.  This  work  is  diiefly 
a  thesaurus  o(  the  anatomists  of  the  17th  century. 

MoROAONi,  JoANNKS  Baptista,  s  Celebrated  Italian  anatomist,  bora  at  Forli 
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in  lUmuu^  in  1682,  died  in  1771.  His  "  AdTersaria  Anatomica  prima"  was  pub- 
lished  in  4to.,  Bologna,  1706.  It  is  a  small  work,  but,  as  Haller  says,  almost 
entirely  consisting  of  new  discoveries,  or  of  nK>re  dear  descriptions  of  parts  tiian 
had  been  given  prerionslj.  Morgagni's  aoooont  of  the  **  appendices  ventricnlonim" 
in  the  larynx  has  been  overlooked  by  later  anatomists,  and  the  same  cavities  have 
been  recendy  brought  forward  as  a  new  discovery  nnder  the  name  of  '*  saccnli  laryn- 
gis."  Five  other  collections  of  **  Adversaria"  were  afterwards  published  by  Mor- 
gagni;  namely,  *' Adversaria  Anatomica'*  II.,  4to.,  F^na,  1717:  III.,  4to.,  ibid., 
1717:  IV.,  4to.,  ibid.,  1719:  V.,  4to.,  ibid.,  1719:  VI.,  4to.,  ibid.,  1719. 
lliey  were  all  published  together  as  ''Adversaria  Anatomica  Omnia,"  4to.,  Ptulna, 
1719 ;  4to.,  Leydeo,-  1723,  1740.  According  to  HaUer,  Morgagni  did  not  describe 
the  parts  of  ^bs  human  body  as  if  their  form  was  one  and  constant ;  but  noting  the 
varieties  in  different  subjects,  gathered  from  a  number  of  accordant  instances  what 
might  be  considered  as  the  usual  feibric;  and  in  dius  eliciting  generalised  facts  excelled 
all  previous  anatomists,  periiape  with  the  exception  of  Eustadiius. 

NucK,  Antony,  a  German  by  birth,  but  professor  of  anatomy  at  Leyden,  bom 
about  1660,  died  in  1692.  His  '*  Adenogn^hia  Curiosa,  et  uteri  anatome  nova, 
cum  Epistoli  de  inventis  novis,"  was  published  in  8vo.,  Leyden,  1692  and  1696 ; 
widi  Reverhorst's  Treatise,  **  De  Motu  bilis  Circulari,  8vo.,  Leyden,  1722,  1723  (see 
Meverkorst)  ;  and  also  printed  in  Manget's  **  Bibliotheca  Anatomica."  The  greater 
part  of  Nuck's  works  was  published  in  3  vols.  12mo.,  Lyons,  1722.  Hie  whole 
were  collected  and  published  as  his  ''  Opera  Onmia,"  2  vols.,  Leyden,  1733.  Nuck 
sldlfuny  injected  die  lymphatics  with  mercury,  and  made  use  of  the  air-pump  as  an 
appliance  for  diis  purpose. 

Fbtek,  Jkan  Conrao,  bom  at  Schaffhausen  in  1653,  died  in  1712.  His 
**  Elxerdtatio  anatomico-medica  de^glandulis  intestlnorum,  eorumque  usu  et  affec* 
tionibus,"  &c.,  was  published  in  8vo.,  Schaffhausen,  1677 ;  in  Manget's  '*  Biblio- 
theca Anatomica ;"  also  in  8vo.,  Amsterdam,  1682.  Peyer  described  the  glandulae 
agminatae  of  the  small  intestines,  and  the  glandulse  solitaria. 

Rbyskhoest,  Maurice  van,  a  Dutdi  anatomist,  and  profisssor  at  the  Hague. 
His  work,  «<De  Motu  Bilis  Circulari,"  was  published  in  4to.,  Leyden,  1692; 
8vo.,  without  date;  8vo.,  1696;  wiUi  Nuck's  '<  Sialographia  et  Adenographia 
Curiosa,"  8vo.,  Leyden,  1722,  1723.  In  this  work  Reverhorst  gives  plates  of  the 
liver,  and  m*iiityin«  that  a  considerable  portion  of  the  bile  is  reabsorbed  by  the 
intestinal  vessels. 

RuYSCH,  Frbdsric,  a  Dutch  anatomist  and  naturalist,  bom  at  the  Hague  in 
1638,  died  in  1731.  His  works  are  numerous,  but  consist  in  great  part  of  accounts 
of  the  preparations  in  his  museum :  diey  were  collected  and  published  at  Amsterdam 
in  1721  ("  Opera  Omnia  Anatomico-medico-chirurgica,"  4to.) ;  and  a  better  edition, 
5  vols.  4to.,  Amsterdam,  1737.  To  this  is  added  a  **  Historia  vit«  et  meritorum 
Frederid  Ruysch,"  by  J.  F.  Schreiber ;  and  an  admirable  Index  by  Ysbrand  Gysbert 
Arlebout.  Ruysdi  learnt  the  use  of  the  syringe  from  De  Graaf ,  and  the  art  of  inject- 
ing with  wax  from  Swammerdam,  and  made  good  use  of  these  means,  but  never 
divulged  his  processes.  His  preparations,  m  making  which  he  was  assisted  by  his 
daughters,  were  celebrated  all  over  Europe ;  Boerhaave  studied  from  them,  and  made 
them  the  ground  of  his  vascular  theory.  Ruysch  was  little  more  than  an  anatomical 
artist,  but  m  this  respect  his  patience  and  neatness  were  wonderfuL  His  great  fault  was 
said  to  be  a  want  of  reading,  and  of  acquaintance  with  what  had  been  done  by  others. 
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He  was  an  aathor  for  serenty  yean,  and  nerer  flagged  in  his  labors.  Although 
aspiring  to  no  other  pomtion  than  a  collector  of  fiu^,— and  Haller  jnstlj  says  of  him 
that  he  was  '*  simplex  totos  et  a  ratiocinio  remotos," — yet  he  recognised  the  import- 
anoe  of  a  higher  branch  of  enquiry ;  for  he  says :  ''  Ego  totos  in  eo  snm,  et  omnes 
nenros  intendo,  nt  quantum  in  me  est,  Teram  constitntionem  perscruter,  exipicUau 
ut  aUi  circa  uiwm  idtm  tint  faciwri.  Difficile  enim  mihi  jam  utrique  negotio 
inoumbere."  0*Thea.  Anat/'  II.) 

ScHunio,  Martin,  a  physician  living  at  Dresden  abont  the  beginning  of  the 
18th  century.  His  works  were  published  between  1720  and  1744.  His  <<  Chylologia 
Historico-medica,  siTe  diyH  humani,  seu  sued  hominis  nutritii  oonsideratio  physico- 
medioo-forensis/'  was  published  in  4to.,  Dresden,  1725.  Swedenborg  appears  to 
hare  made  considerable  use  of  this  learned  compilation,  as  supplying  aoooonts  of 
certain  remarkable  diseases  and  diseased  conditioos,  such  as  adipaia*  aaitia,  pica, 
nausea  and  antipathies,  catalepsy,  ecstasis,  &c. 

Sen  AC,  Jkan  Baptistb,  a  Frendi  physician,  bom  in  the  diooeee  of  Lombes, 
in  Gascony,  in  1693,  died  in  1770.  8enac  published  a  translation  of  Heister's 
*'  Compendium  Anatomicum,"  with  i^ysiobgical  comments  :  vis.,  '*  L'Anatomie 
d'Heister,  arec  des  Easais  de  Physique  sur  I'Usage  des  Parties  du  Corps  humain, 
et  sur  le  M^chanisme  de  lenrs  Mouvemens.  Enrichie  de  Nourelles  Figures,"  &c. ; 
8to.,  Paris,  1724;  8to.,  Paris,  1735;  3  toIs.  12mo.,  Paris,  1753.  Haller  speaks 
of  an  English  translation,  8to.,  1734.  (See  <*  Animal  Kingdom,"  voL  II.,  p. 
304,  305.) 

SwAMMsmDAM,  or  SoHWAMMBmnAM,  John,  a  oeMNrated  Dutdi  anatomist 
and  entomologist,  bom  at  Amsterdam  in  1637,  died  at  the  same  place  in  1680.  I. 
His  inaugural  dissertation,  *'TractatU8  physico-medicus  de  respiratione  nsuque 
pulmonum,"  was  published  in  8to.,  Leyden,  1667,  1677,  1679 ;  4to.,  1738 ;  and 
in  Manget's  '<  Bibliotheca  Anatomica."  II.  His  "  Biblia  Naturae,  sire  Historia 
Insectorum,  in  classes  certas  reducta,  &c.,"  was  published  in  foUo,  Leyden,  1737, 
in  Dutch  and  Latin,  widi  a  life  of  the  author  by  Boerhaave,  who  bought  the  manu- 
script of  the  work,  and  printed  it  at  his  own  expense.  The  Latin  version  was 
executed  by  H.  D.  Gaubius,  respecting  whom  Boerhaave  says :  ''  perhaps  it  would 
have  been  a  hard  matter,  if  not  impossible,  to  find  another  translator  equal  to  the 
task."  The  work  was  translated  into  English,  folio,  London,  1758.  ("  The  Book 
of  Nature ;  or  the  History  of  Insects :  reduced  to  distinct  classes,  &c.  Translated 
from  the  Dutch  and  Latin  original  edition,  by  Thomas  Flloyd.  Revised  and  improved 
by  notes  from  Reaumur  and  others,  by  John  HiU,  M.D.")  Swammerdam  intro- 
duced the  use  of  wax  injections,  and  invented  the  now  received  method  of  making 
dry  preparations  of  hoUow  organs.  He  was  an  admirable  microscopist,  and  dissector 
of  minute  objects,  and  employed  many  peculiar  and  ingenious  instruments  aod 
methods  in  his  researches.  Notwithstanding  his  experimental  studies,  he  appears  in 
the  ''Biblia  Naturn"  to  have  constantly  had  in  view  the  end  of  displaying  the 
wisdom  and  power  of  God  as  manifbsted  in  the  animal  creation.  In  tiie  latter  part 
of  his  life  he  became  a  follower  of  Madame  Bourignon,  and  an  admirer  of  Jacob 
Behmen,  and  ultimately  forsook  all  his  physical  and  anatomical  studies,  in  order  to 
attend  to  his  spiritual  concerns. 

Vbrhbtsn,  Philip,  a  celebrated  Belgian  anatomist,  bom  at  Vesbrouck  in 
Brabant  in  1648,  died  at  Louvain  in  1710.  His  "Corporis  Humani  Anatomia" 
was  first  published  in  4to.,  Louvain,  1693;    and  hi  8vo.,   Ldpsic,  1699,   1716. 
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The  author  subsequently  much  improred  the  work,  which  afterwards  appeared  with 
the  title  :  **  Corporis  humani  Anatomise  tiber  primus.  Bditio  secunda  ab  Authore 
reoognita,  novisque  observationibua  et  invoitis  pluribusqne  figuris  aucta/'  4to., 
Brussels,  1710;  and  with  a  second  volume,  vis.:  **  Supplementum  Anatomicum 
sive  Anatomise  Corporis  Humani  liber  secundus,"  4to.,  ibid.,  1710:  it  was  reprinted 
in  2  vols.  4to.,  Brussels,  1726 ;  2  vols.  4to.,  Naples,  1717  and  1734 ;  2  toIs.  Sto., 
Leipsic,  1731 :  the  Supplement  alone,  8to.,  Amsterdam,  1731.  Tliis  manual  super- 
seded that  of  T.  Bartiiotin ;  and  met  with  great  success,  being  ^bs  anatomical  text- 
book for  a  considerable  period.  It  is  written  in  a  clear  and  occasionally  elegant  style, 
and  was  certainly  the  best  work  on  anatomy  diat  had  then  appeared.  Morgagni  and 
Heister  attacked  it  on  the  score  of  inaccuracy  and  want  of  information,  but  widiout 
perhi^  making  due  allowances,  or  sufficiently  admitting  the  usefulness  of  the  book 
in  its  own  generation.  Haller  regards  tbe  supplement  as  Um  most  valuable  of  the 
author's  works.  Verheyen's  motto,  written  by  himself,  is  as  foUows :  "  Philippus 
Verheyen  medicinse  doctor  et  professor,  partem  sui  materialem  hie  in  csemeterio 
condi  voluit,  ne  templum  dehonestaret,  aut  nocivis  halitibus  inficeret.  Requiescat 
in  pace.'' 

ViBussBNS,  Raymond,  a  French  physician  and  anatomist,  bom  at  Rovergue  in 
1641,  died  at  MontpeUier  m  1716.  His  *' Neurognqphia  Universalis;  hoc  est, 
omnium  corporis  humani  nervorum,  simul  ac  cerebri,  medullaeque  spinalis  descriptio 
anatomica,"  was  published  in  fbUo,  Lyons,  1685 ;  8vo.,  Frsnkfbrt  and  Ulm,  1690, 
not  so  good  an  edition  as  the  former ;  in  Manget's  **  Bibliotheca  Anatomica ;"  folio, 
Lyons,  1761;  4to.,  Tolosa,  1775;  4to.,  Lyons,  1774.  'Vleussens'  "Neurogra- 
phia"  was  incomparably  more  ample  and  MthAil  than  anything  on  tlie  subject  tiiat 
had  been  done  before  it.  Haller  describes  Vleussens  as  a  man  of  unwearied  industry, 
who  pursued  his  researches  on  the  brain  and  nerves,  which  had  hitherto  been  studied 
almost  exclusively  in  the  lower  animals,  in  the  human  subject ;  and  whose  contribu- 
tions to  anatomy  were  most  important.  The  reader  of  the  '<  Animal  Kingdom''  will 
find  much  vigorous  thought  in  tiie  ''  Neurographia,"  particulariy  on  iho  subject  of 
the  animal  spirits,  respecting  which  our  author  has  treated  at  length  in  several 
chapters ;  as,  *'  De  natur&  et  necessitate  spiritus  animalis,  in  quo  de  succo  nervoso 
disseritur,"  lib.  i.,  cap.  xv.  :  **  De  materia  spiritus  animalis,  de  loco,  et  ver&  pro- 
ductionis  illius  ratione,"  ibid.,  cap.  xviii.  •  *'  De  dispensatione  spiritus  animalis,'* 
&c.,  ibid.,  cap.  xix. :  **  De  differentiis  motuum,  qui  spiritus  animalis  ope  peraguntur, 
in  quo  distincti  ipsius  fontes  explicantur,"  ibid.,  cap.  xx.  On  the  points  treated 
of  in  these  chapters,  the  views  of  Swedenborg  agree  in  great  part  with  those  of 
Vieussens. 

Wbdklius,  Joannes  Aoolphus,  a  professor  at  Jena,  bom  at  that  place  in 
1675,  time  and  place  of  deatii  unknown.  He  was  the  autiior  of  a  number  of  dis- 
sertations in  the  form  of  theses.  His  **  Propemptioon  de  valvule  vente  subdavis 
ductui  dioracico  imposita,"  was  published  m  4to.,  Jena,  1714  ;  and  again  by  HaUer 
in  his  "  Disputstiones  anatomies  selectae,"  7  vols.  4to.,  Gottingen,  1746—1752. 

Willis,  Thomas,  an  English  physician  and  anatomist,  bom  at  Ghreat  Bedwin 
in  Wiltshire  in  1621,  died  in  London  in  1675.  I.  His  **  Cerebri  Anatome  cui 
accessit  nervorum  descriptio  et  usus,"  was  published  in  4to.,  London,  1664 ;  8vo., 
1670;  12mo.,  Amsterdam,  1664,  1667,  1674,  1676,  1683;  and  in  Manget's 
"  Bibliotheca  Anatomica."  This  was  Willis's  principal  work :  and  contained  a  new 
method  of  dissecting  tiie  brain,  and  a  much  more  accurate  account  of  its  anatomy 
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than  had  been  giTen  prevkmsly :  it  also  contained  the  germa  of  thoae  modern  viewi 
of  the  phyaiology  of  the  brain  which  are  adopted  by  phrenologists.  Hie  idea  of  the 
brain  being  a  congeries  of  organs  is  distinctly  recognised.  WiDis,  like  Swedenborg, 
makes  the  cerebmm  the  seat  of  the  vohmtarj  morements  and  intellectaal  faculties ; 
the  cerebdlnm,  of  liie  involuntary  morements,  as  tiiose  of  the  heart.  In  common 
with  nearly  all  the  great  anatomists  of  former  times,  WiDis  held  the  doctrine  of  the 
circulation  of  the  animal  spirits.  11.  His  **  Fharmaoeutioe  RatJonatis,  sen  diatriba 
de  medicamentonim  operatione  in  corpore  hnmano/'  Pkrt  I.,  was  published  in  4to., 
Oxford,  1673  ;  12mo.,  Amsterdam,  1674 ;  12mo.,  the  Hague,  1675 :  Pkrt  II.,  4to., 
Oxford,  1675;  12mo.,  the  Hague,  1677  :  both  Puts,  8to.,  Oxford,  1678  or  1679: 
in  EngHsh,  foUo,  1679.  Tliis  work  contains  a  good  deal  of  anatomical  description. 
Willis's  works  were  published  coUectirdy :  Tix.,  '*  Opera  Omnia,"  folio,  London, 
1679 ;  4to.,  Lyons,  1676 ;  4to.,  Genera,  1680 ;  4to.,  Amsterdam,  1682 ;  folio, 
Venice,  1720:  in  English,  4to.,  1681. 

WiNSLow,  Jacuubs  Bbnionb,  a  Danish  anatomist,  bom  at  Odensee  in  the 
island  of  Fnnen  in  1669,  died  at  Pwris  in  1760.  His  **  Exposition  anatomique  de 
la  structure  du  corps  humain,"  was  published  in  4to.,  Plaris,  1732 ;  5  vols.  12mo., 
ibid.;  4  toIs.  12mo.,  Amsterdam,  1743;  4  toIs.  8to.,  Phris,  1776;  in  English, 
by  Douglas,  2to]s.  4to.,  London,  1733, 1734, 1743, 1749 ;  2to]i.  8to.,  Edinburgh, 
1743 :  in  Latin,  4  toIs.  8to.,  Frankfort,  1753 ;  8to.,  Venice,  1758.  This  treatise, 
in  most  of  the  departments  of  anatomy,  superseded  all  former  manuals.  Aocordmg 
to  Hall«r,  it  is  the  common  fountain  from  which  the  lator,  and  the  Frendi  anatomists 
especially,  haTe  gained  their  anatomy ;  and  it  is  the  model  on  which  the  generality  of 
the  text  books  of  that  sdenoe  has  since  been  constructed.  Winslow  dumged  his 
religion  from  Lutheran  to  Catholic  on  reading  the  works  of  Boesuet,  and  on  this 
occasion  Boesuet  gave  him  the  addition  of  Benigne  to  his  name.  Before  his  time 
anatomists  generally  took  out  of  the  body  the  parts  they  were  about  to  examine, 
so  that  the  relative  situation  and  mutual  connexion  of  the  parts  was  lost  and  de- 
stroyed ;  and  when  the  cellular  tissue  was  taken  away,  the  very  shape  was  altered. 
Winslow  has  the  distinguished  merit  of  being  the  first  who  described  all  things  in 
the  body  m  tUu  and  m  ftem.    He  used  to  dissect  the  organs  under  water. 
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The  namerals  Indicate  the  volame,  the^  figures,  the  page :  where  the  page  hat  no  nnmerala 
prefixed  to  it,  that  which  has  been  lait  mentiuned  in  the  larae  article  is  inipUeU  ;  and  where  none 
has  been  mentioned  before,  the  first  volame  is  nnderstood. 


Abdomen.  The  offices  of  the  abdominal  yiscera  go  forth  and  return  in  a  kind 
of  circle,  268.  The  yiscera  of  the  abdomen  constitute  four  series,  with  distinct 
offices,  302.  They  form  a  superior  universal  series,  which  respects  the  blood ;  and 
is  subdivided  into  three  inferior  universal  series,  which  severally  respect  the  chyle, 
the  serum,  and  the  blood  already  formed,  312.  Further  subdivision  of  these  series, 
ibid.  Every  viscus,  organ,  and  member  thereof,  represents  in  itself  a  kind  of 
series,  316.  Chylification,  sangtiification,  and  purification  are  the  sum  of  their 
offices,  510.  Each  contributes  in  some  respect  to  the  generation  and  regeneration 
of  the  blood,  which  is  the  common  object  of  the  abdominal  viscera,  512.  Why 
these  viscera  are  not  inaugurated  into  their  offices  until  the  lungs  are  opened,  II., 
338.     See  Series, 

Abstinence  from  food,  121 ;  II.,  188. 

Action.  A  single  action  is  made  up  of  an  infinite  number  of  forces,  II.,  85. 
There  is  a  connexion  and  everlasting  chain  between  sensations  and  actions,  174.  The 
reaction  of  parts  corresponds  exactly  to  the  action,  this  being  the  source  of  their 
natural  equilibrium,  244.  Action  arises  from  circulation  in  conjunction  with  respira- 
tion :  for  circulation  gives  and  renews  potency,  and  respiradon  infuses  force ;  whence 
action,  461.  The  conditions  of  active  force  and  action,  what,  559,  560.  See 
Retpiration,  Sense, 

Active,  every,  to  be  efficient,  must  be  joined  with  a  passive,  71,  II.,  46,  394. 
The  membranes  have  a  passive,  the  muscles  an  active  power,  II.,  310.  Reactive 
power  results  from  passive  and  active  combined,  ibid.     See  Diaphragm^  Foetus, 

Atfections  only  are  innate,  not  ideas,  2.  The  affections  of  the  body,  and  of 
the  animal  and  rational  minds,  II.,  357,  442.  All  the  affections  are  given  to  serve 
us  as  the  fuel  and  heat  of  bodily  life,  358.  The  affections  of  the  animal  mind  are 
divisible  into  inferior,  superior,  and  proper,  442.  The  affections  flowing  from  the 
body,  immediately  seize  the  blood  ;  those  flowing  from  the  animal  mind,  the  spirit 
of  the  blood  ;  those  flowing  from  the  rational  mind,  the  very  soul  of  the  blood  and 
spirits,  443,  539. 

Analysis  commences  from  effects,  and  mounts  to  causes  and  principles,  7. 
It  is  the  only  way  to  truths,  8,  and  II.,  346.     Requisites  for  attaining  truths  by 
this  way,  I.,  8.    When  we  have  reached  principles  by  analysis,  we  may  then  return 
VOL.  II.  S  S 
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from  principles,  and  can  contemplate  all  things  in  a  univenal  manner,  9.  Hie 
anthor  considers  that  he  is  the  first  who  has  endeavored  to  approach  the  soul  by 
analysis,  11.  It  is  the  first  object  of  analysis  to  procure  general  notions,  74.  After 
birth  the  synthetic  way  is  converted  into  the  analytic,  II.,  262. 

Anolbs  are  hindrances  to  motion,  126.  The  angular  form  is  the  lowest  of 
forms,  and  is  generated  by  the  circular,  ibid.     See  Body, 

Animation  ;  see  Brainy  Respiration.  The  animation  of  the  bndn,  what,  II., 
158.  Hie  external  respiratory  forces  of  the  lungs,  and  the  internal  animatory 
forces  of  the  brain,  united  with  the  respiratory,  meet  in  the  centres  of  all  the  yisoera, 
and  rouse  every  part  to  operations  corresponding  to  its  structure  and  nature,  231. 

Animal  Mind  :  see  Affectiotu,  Bloody  Fibre,  Nose,  RespiroHon, 

Animal  Spirits.  Nature  ahrays  encloses  tiiem  deep  in  fibres,  blood-globules, 
spherules,  or  little  ova,  lest  they  should  be  lost ;  and  only  opens  these  caskets  when 
the  spirits  are  required  for  use,  102,  II.,  411.  Hie  animal  spirit  is  the  uniting 
medium  between  the  soul  and  the  body»  I.f  215,  II.,  425.  There  is  an  affection 
and  desire  of  conjunction  between  the  fresh  spirit  descending  from  the  brain,  and  the 
chyle  ascending  frx>m  the  body,  I.,  215.  Hie  animal  spirit  is  the  most  universal 
essence  of  corporeal  life,  250,  II.,  425.  See  Ineitatum,  The  cortical  ^ands  pro- 
duce it,  II.,  425.  It  is  generated  from  ethereal  food,  as  tbe  blood  from  terrestrial 
food,  426.  It  is  inserted  into  the  blood-globules,  and  produces  the  life  of  ^  body, 
ibid.  When  the  spirit  acts,  the  blood  yields,  and  vice  versA,  445.  The  progreaaive 
series  of  causes  in  the  preparation  of  Uie  animal  spirit,  517. 

Animal  Kingdom,  the,  is  the  last  and  central  work  of  creation,  consisting  of 
mere  centres,  II.,  315. 

Aorta,  the,  obeys  both  the  cardiac  and  pulmonary  motions,  218.  All  the 
blood  that  comes  from  it  at  right  angles,  escapes  beyond  its  power  of  determination, 
II.,  246.  The  blood  is  not  intruded  into  the  viscera  or  muscles  by  the  power  of  the 
aorta,  but  attracted  by  each  viscus  or  muscle  according  to  its  wants,  ibid. 

Appbtitb,  diseased,  instances  of,  friom  Schurig,  120. 

Artvribs,  the,  are  a  continued  heart,  157.  -How  a  vessel  that  carries  venous 
blood  is  enabled  to  play  the  artery,  II.,  204.  See  Fibre.  All  but  the  innermoet 
coat  of  the  arteries  is  dropped  in  the  least  capillaries,  413,  421.  The  innermost  coat 
of  the  arteries  is  continuous  with  the  outermost  coat  of  the  veins,  417.  The  outer- 
most  surfeoes  of  the  fibres  are  transposed  into  the  innermost  surfeoea  of  the  arteries, 
and  these,  into  the  outermost  of  the  veins,  420.  Hie  arteries  plaoe  their  last  boun- 
daries in  the  cortical  glands  of  the  brain,  where  the  fibres  plaoe  their  first,  447. 
It  is  the  nature  of  veins,  that  the  fluid  running  through  them  suffers  itself  to  be 
acted  on  by  the  coats  of  its  vessel ;  but  it  is  the  nature  of  arteries  that  the  vessd  or 
coat  suffers  itself  to  be  acted  on  by  its  fluid,  and  reacts,  491.     See  Veins,  Vessels. 

Association.  Similitude  of  fonction  associates  parts  :  exemplified  in  the  proxi- 
mity between  the  oesophagus,  the  carotid  arteries,  and  jugular  veins,  108.  Between 
the  gall-bladder  and  the  colon,  301.    ^et  Body, 

Atmosphbrbs.  Necessity  for  an  analogon  to  animation  or  respiration  in  the 
,  atmospheres,  II.,  139,  140.  The  successive  stages  of  the  immigration  and  arrival 
of  the  atmosphere  in  the  hmgs,  185.  Hie  atmospheric  vesicles  resemble  the  grand 
atmospheric  world,  as  a  least  volume  resembles  its  largest,  186.  Hie  vast  quantity 
of  effluvia  contained  in  the  atmosphere,  ibid.  To  minister  to  the  blood  of  the 
animal  kingdom  is  the  final  office  of  the  air,  191.  The  action  of  the  several  atmo- 
spheres  upon  the  microcosm,  383.     The  spiral  gyration  of  the  air,  14. 
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Atthaction  in  the  body  is  always  accompanied  by  propulsion,  201,  215.  See 
Fiuidg,  Inpitation,  Tongue.  Its  oniTersality  in  the  body,  274.  The  blood  is  not 
intraded  on  the  members  by  the  aorta,  but  is  attracted  by  the  members  themselyes, 
348,  427.  The  attractive  power  of  the  viscera  exceeds  the  detmsive  power  of  the 
aorta  upon  the  blood,  428.     See  Blood. 

Axis  :  see  Centre,  There  are  various  axes  in  the  body,  more  or  less  universal, 
217.  See  Note,  There  are  two  very  remarkable  axes  in  Um  cerebrum,  II.,  33. 
The  spinal  marrow  is  the  axis  of  the  cerebellum,  ibid.  Diere  are  three  general  axes 
in  the  body  proceeding  from  the  ethmoid  bone,  34.  Hie  oesophagus  is  the  most 
general  axis  of  the  body,  315.  There  are  the  axes  of  the  respective  viscera,  and 
also  of  several  viscera,  or  of  one  series,  316. 

AzYooB,  the  vena,  imbibes  the  blood  synchronously  with  the  respirations,  218. 
Described,  II.,  248.  It  is  the  common  recq)tacle  of  aU  the  blood  of  the  respiratory 
field,  251. 

BiLB.  The  hepatic  bUe,  with  the  cystic,  is  the  ultimate  salivary  menstruum,  277. 
See  LhfeTf  SaUva.  The  bile  is  the  faeces  of  the  blood  and  chyle  Uiat  have  been 
treated  in  the  liver,  290.  It  is  not  thrown  away,  but  performs  a  use,  and  serves  as  a 
menstruum,  293.  The  circulation  of  the  bile,  ibid.  The  hepatic  bile  does  not 
produce  the  gaU,  but  serves  it  as  a  menstruum,  diluting  and  softening  it,  299.  The 
quantity  of  the  cystic  bile  for  the  most  part  increases,  as  that  of  the  hepatic  bile  de- 
creases, 301.  The  hepatic  bile  is  the  refuse  of  the  chyle,  the  cystic  bile  of  the 
blood,  302.  The  quantity  of  the  cystic  bile  is  affected  by  a  threefold  order  of  causes, 
ibid.  The  treatment  of  the  cystic  and  hepatic  biles  never  ceases,  but  continues 
throughout  the  ducts,  and  afterwards  in  the  intestines,  to  the  rectum,  304.  None 
but  the  dead  portion  of  the  bile  is  rejected  with  the  alvine  faeces,  ibid.  See  Pancreas, 
The  pancreatic  juice  is  the  first  cause,  the  hepatic  bile  the  second,  the  cystic  bUe  the 
third,  327.    The  infinite  diversity  of  the  biles,  326. 

Bladdkr,  the,  described  by  Heister,  457.  By  Winslow,  458.  Particulars  re- 
specting from  Morgagni,  460.  Authors  to  be  consulted  respecting,  461.  The 
bladder  and  rectum  being  the  lowest  organs  suffer  themselves  to  be  pressed  and 
trodden  on  by  all  the  others,  464.  The  ultimate  of  the  will,  and  the  ultimate  of 
nature,  concur  in  constringing  them,  465.  The  top  of  the  bladder  first  is  pressed 
down  and  driven  inwards,  470.  In  the  foetus  the  fundus  of  the  bladder  lies  dose  to 
the  umbilicus,  and  why,  473.  The  terrestrial  and  gravitating  parts  of  the  microcosm 
are  thrown  into  Um  bladder  and  rectum,  as  the  inert  masses  of  the  macrocosm  are 
consigned  to  the  terraqueous  globe ;  ihe  matters  in  both  cases  being  drcumpressed  by 
the  forces  of  the  whole  system,  473.  The  mode  in  which  the  urine  is  discharged  by 
external  and  internal  causes,  475.  See  Gravity.  The  parts  of  the  body  act  and  press 
on  the  bladder,  not  by  mass  and  weight,  but  by  force  of  motion ;  and  the  bladder, 
on  its  contents,  not  by  total  closing,  but  by  the  power  of  its  motive  fibres,  476. 
Hie  action  upon  the  urine  is  not  propagated  by  continuity,  but  by  series  of  forces 
and  motions,  ibid.  The  bladder  has  a  constrictile  and  expansile  motion  synchronous 
with  the  motions  of  the  lungs,  477.  Analogy  of  the  bladder  and  ureters  with  the 
vesickfl  and  little  ducts  of  tiie  minutest  glands,  479. 

Blood.  Whatever  takes  place  in  the  mind,  takes  place  in  the  innermost  of  the 
blood,  84.  The  blood  derives  its  spirit  from  the  brain  and  fibres ;  its  body  from  the 
stomach  and  food,  108,  371 ;  and  II.,  192.  See  Ltfe,  It  attracts  into  it  substances 
corresponding  to  the  passions  of  the  mind,  I.,  208  ;  II.,  175.  The  soul  gives  the 
blood  its  life,  the  spirit  its  bond  of  union,  and  the  chyle  its  embodiment ;  so  that 


Digitized  by  VjOOQ IC 


612  INDEX    OP   SUBJECTS. 

every  globule  of  blood  has  both  a  soul  and  a  body,  1.,  214,  371.  Every  time  it  is 
resolved  into  its  principles,  its  finer  homors  and  spirit  betake  themselves  into  the 
cellular  coats  of  the  viscera,  and  into  the  lymphatics,  221 ,  373.  No  part  of  its 
nobler  essence  is  suffered  to  waste,  221,  271,  273,  373.  It  is  the  complex  and  semi- 
nary of  all  the  fluids,  and  continents  of  fluids,  in  the  body :  and  comprehends  mere 
simples,  236,  373.  See  Humor.  In  its  parts  it  is  subject  to  the  same  fortunes  as 
the  body  in  its  compound ;  it  is  bom,  dies,  and  is  bom  again,  ibid. ;  and  II.,  192. 
The  distribution  of  its  constituent  elements,  when  resolved,  I.,  236,  273,  373.  Its 
spirituous  part  is  ultimately  rendered  back  to  it  in  a  drde,  and  how,  237.  The 
functions  of  both  the  abdominal  and  thoracic  viscera  are  performed  on  account  of  the 
blood,  268,  303.  Every  time  it  circulates,  it  is  sundered  into  its  constituent  parts, 
236,  271.  And  purified,  272.  The  lustration  of  the  blood,  what,  ibid.  It  lays 
itself  open  to  give  birth  to  the  vital  fluids,  and  immolates  itself  for  the  welfare  of  the 
kingdom,  272.  Its  circle  of  life,  what,  274.  See  Bquatum,  It  differs  in  different 
subjects,  and  rans  through  infinite  changes  of  state,  297.  It  assumes  the  state  of 
the  life,  and  undergoes  perpetual  purification  and  regeneration,  ibid.  Whatever  the 
principles,  intermediates,  and  extremes  of  the  body  demand,  the  universal  mass  of 
the  blood  is  bound  to  supply,  301,  337,  351.  The  purest  serum,  united  to  the 
spirit,  gives  the  blood,  312.  No  portion  of  blood  can  circulate  in  the  trunk  without 
being  purified  by  either  the  liver,  the  spleen,  or  the  pancreas ;  and  this,  in  conse- 
quence of  their  subordination  and  coordination,  322.  Whatever  kind  of  blood  is 
expended  on  use,  is  proportionately  supplied,  275,  338.  Every  viscus  attracts  a 
blood  of  its  own  kind,  351,  428,  429.  The  various  qualities  of  the  blood,  353,  355. 
The  blood  serves  in  the  liver  as  a  menstruum,  356.  It  has  in  it  none  of  those  diings 
that  are  expressed  by  the  received  diemical  terms,  373.  See  Fat,  Omenhim,  Ne- 
cessity for  asylums  for  the  superabundant  blood ;  whence  the  adipose  tissues  and  the 
omentum,  383.  The  blood  circulating  in  the  great  arteries  never  turns  off  laterally, 
still  less  at  right  angles,  unless  a  stronger  force  overcome  a  relatively  weaker  one, 
428.  See  Aorta,  Attraction.  A  genus  of  blood,  what,  428.  The  purely  globular 
blood  tends  to  flow  in  spirals,  437.  See  Spiral.  Hie  blood-globule  contains  a 
spirit  or  prior  blood,  438.  It  occupies  the  axes  of  curved  vessels,  ibid.  The  blood 
may  be  divided  into  three  kinds,  511.  Hie  purification  of,  where  performed,  512. 
It  is  die  soul's  deputy  and  vicegerent  in  the  body,  525.  It  is  the  proper  essence  of 
the  body,  II.,  112.  Hie  modification  and  exhilaration  of  the  blood  by  the  vibrations 
of  the  larynx  and  tradiea,  118.  The  hostility  between  the  air  and  the  blood,  and  its 
grounds,  184.  The  animal  being  elects  the  constituents  of  its  blood  from  the  whole 
circumambient  world,  material,  aerial,  and  etherial,  190.  See  Chyle.  The  diange 
of  the  blood  from  venous  to  arterial  in  the  lungs,  192.  The  blood  is  fed  with 
ethereal  food  in  the  lungs,  429.  The  red  globules  are  resolved  into  pellucid  globules 
in  the  least  arterial  capillaries,  430.     See  Skin. 

BoDT,  the.  By  the  body  is  meant  all  that  lives  from  the  blood,  and  consists  of 
the  lowest,  or  angular  and  circular  forms,  214,  371.  The  animal  body  is  the  temple 
o(  all  the  sciences,  both  physical  and  philosophical,  317.  In  it  we  leam  the  things 
that  are  indeterminate  in  the  sciences,  ibid.  There  can  be  no  intelligence  in  the 
body,  except  as  intelligence  in  the  soul,  377.  Distinct  division  and  subdivision  of 
the  body,  486.  There  is  the  same  state,  order,  and  form  of  government  in  the  body, 
as  in  a  kingdom,  502.  It  consists  of  forms  within  forms,  and  series  within  series, 
II.,  315.  The  two  halves  of  the  body,  in  general  and  in  particular,  are  not  symme- 
trical,  and  why,  329.    The  adaptations  of  the  animal  body  are  the  lowest  proofs  of 
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God*s  omnipotence,  for  he  has  filled  the  vilest  insect  widi  similar  miracles,  330. 
Two  principles  bear  sway  in  the  body  ;  vis.,  nature  and  the  will,  337.  The  ordi- 
nances by  which  concord  is  established  between  the  sonl  and  the  body  after  birth, 
336.  The  body  is  not  subject  to  the  order  and  laws  of  the  universe,  but  derives  its 
form  and  determinations  from  its  own  principles,  382.  See  Bloody  Gravity^  Mu 
erocotm,  Soul,  Spirit.  In  every  point  of  the  body  there  is  what  circulates,  what 
breathes,  and  what  acts,  460.  We  may  draw  conclusions  from  the  animal  body  re- 
specting the  forms  of  human  societies,  468.  Whatever  is  in  the  body  is  extraneous 
to  the  cerebrum,  518. 

Brain  :  see  ^ntmo^tem,  Cerebntm,  Fibre,  The  animations  of  tiie  brains  are 
coincident  with  the  respirations  of  the  lungs,  106,  340  ;  II.,  234,  244,  245.  They 
constitute  the  inmost  life  of  the  body,  I.,  107.  Hie  brain  is  a  chemical  organ,  235. 
The  firstling  blood  of  die  heart  \b  supplied  to  it,  275,  337,  348.  The  motion  of  the 
brain  is  synchronous  with  the  heart  before  birth,  and  with  the  lungs  after  birth,  403  ; 
II.,  153,  332.  The  animation  of  the  brain  is  a  natural  necessity,  to  provide  the 
body  with  nervous  juice,  II.,  209.  Before  birth  all  the  blood  passes  through  the 
brains,  as  afterwards  through  the  lungs,  and  why,  263,  264.  Necessity  for  two 
brains,  one  to  be  subject  to  nature,  the  other  to  the  will,  338. 

Bronchial  Artery,  the,  conceived,  engendered,  and  constructed  the  embry. 
onic  lung,  and  all  its  vessels,  aeriferous,  arterial,  and  venous,  II.,  202.  After 
birth,  it  teaches  the  pulmonary  artery  to  play  the  artery,  although  it  carries  venous 
blood,  204.  It  regulates,  balances,  and  equalizes  the  respective  quantities  of  the 
cardiac  blood  rushing  into  the  lungs,  and  of  the  pulmonic  blood  returning  to  the 
heart,  ibid.  It  equalizes  the  quality  as  well  as  quantity  of  the  venous  blood,  206. 
By  means  of  the  bronchial  artery  and  vein,  the  lungs  concur  with  the  organic  machine 
of  the  thorax,  and  produce  unanimous  actions  therewith,  207.  All  the  bronchial 
arteries  come  originally  from  the  intercostals,  199,  208. 

Cause  :  see  Efficient,  Uae,  Every  cause  is  an  efficient  relatively  to  things 
below  it,  and  an  effect  relatively  to  those  above  it,  311.  See  Member,  In  proceed- 
ing to  an  end,  nature  makes  use  of  an  entire  causal  series  of  subordinations  ;  and 
multiplies  the  causes  in  proportion  to  the  importance  of  the  end,  315.  Causes 
always  flow  into  their  effect,  not  by  a  single  mediation  or  subordination,  but  by 
several,  321 ;  II.,  62,  85.  The  modes  of  subordination  of  causes  are  various ;  and 
something  of  their  nature  may  be  seen  by  examining  the  effect,  if  the  signs  of  the 
causative  agents  be  given,  I.,  321,  An  efficient  cause  necessarily  involves  an  active 
principle,  377.  Whatever  belongs  to  the  class  of  causes  must  be  formed  organically, 
378 ;  II.,  344.  See  ^fect  and  Bnd,  Causes  are  divisible  into  innermost,  middle, 
and  outermost,  II.,  31.  Hie  innermost  causes  act  most  individually ;  the  outermost 
act  on  all  the  parts  generally,  and  thus  represent  the  common  bond  of  singulars,  ibid. 
The  various  influx  of  causes  varies  the  quality  of  effects,  85.  Every  cause  and 
effect  involves  a  use,  141.  Necessity  for  a  distinct  idea  of  the  subordination  and 
succession  of  efficient  causes,  332.  It  is  our  business  to  resolve  every  effect  into 
its  causes,  529. 

Cbllular  Tissue.  The  cellular  tissues,  lymphatics,  thoracic  duct,  mesenteric 
glands,  and  receptaculum  diyli,  are  all  continuous,  and  identical  in  use,  structure, 
and  nature,  222.  There  is  a  continual  circulation  through  the  cellular  tissues,  II., 
255.  See  Peritotueum.  The  path  taken  by  the  humor  in  the  cellular  tissue  of  the 
pleura,  256.  The  continuity  and  drcumflexions  of  the  cellular  tissue  of  the  pleura, 
258.     See  Celluhtr  Coat. 
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CBLLULA&  Coat,  the,  of  the  intestiiieBi  reiembles  a  conglobate  gland  thrown 
into  a  plane ;  the  sphere  of  motion  of  the  intestineB  there  terminates,  and  that  of 
the  mesentery  begins,  197.  The  ceUolar  coat  is  a  lymphatic  projected  into  a  plane, 
222,  319.     See  CeUuktr  JUiue. 

Cbntks.  Everything  is  a  kind  of  centre,  102.  In  the  stomach,  tbe  centre  of 
motion  is  tbe  centre  of  gravity,  134.  See  Gravity,  LetuUt  Me^emttry,  Microcotm^ 
Motion,  Tkoracie  Duct,  Unitiet.  There  are  centres  of  forces,  both  nnirersal  and 
singular,  general  and  particular,  474.  The  body  consists  of  mere  centres  of  gravity, 
vrhidi  by  their  combination  form  diameters  and  circumferences,  474  ;  II.,  32,  314, 
485.  The  mouth  is  the  moveable  centre  of  the  (ace ;  the  root  of  the  nose,  the 
immoveable  centre,  II.,  35.  The  body  is  at  once  a  perpetual  centre  and  a  perpe- 
tual circumference,  314.  Hie  general  centre  of  die  body  is  at  the  spot  where  the 
oesophagus  meets  Uie  diaphragm,  316.  The  three  most  general  centres  of  the  body, 
325.  There  are  as  many  centres  as  points,  and  as  many  equilibria  as  centres,  330. 
See  AniwuU  Kingdom,  Ditqthragm,  Organic  Forms,    Centre  of  motion,  see  Pehit. 

Cbrbbbllvm  :  see  Cerebrum, 

Cbrbb&um  :  see  Brain,  Nervee,  It  is  cognisant  of  whatever  happens  without 
the  kingdom  ;  the  cerebellum,  of  what  happens  within  it,  51.  Hie  cerebrum  and 
cerebellum  are  universally  present  in  the  body  by  means  of  the  fibres,  206.  Hie 
cerebrum  attracts  to  it  the  purer  blood,  for  the  purpose  of  extracting  and  circulating 
its  spuit,  213  ;  II.,  118.  It  is  a  gland,  I.,  247.  Comparison  of  it  with  the  glands 
of  the  body,  ibid.  The  cerebrum  and  lungs  are  the  source  of  voluntary  motion ; 
the  cerebellum,  of  natural  motion,  II.,  112.  Tlie  cerebrum  rules  in  the  day,  the 
cerebellum  by  night,  147.  The  cerebrum  presides  over  ^  will,  the  cerebeUnm  over 
nature,  337.  In  the  cerebrum  there  is  an  innermost  sensorium  where  ttus  soul 
resides,  344.  The  fibre  of  the  cerebrum  occupies  the  ultimate  boundaries  of  the 
kingdom,  the  fibre  of  the  cerebellum,  ^bc  whole  field  circumscribed  by  those  boun- 
daries, 454.  Our  general  sensorium  is  laid  in  the  cerebrum,  which  feels  ;  but  the 
organ  of  the  body  acts  Hat  part  of  an  instrument  only.  Hie  cerebrum  manifests  to 
us  whatever  it  feels  and  perceives  from  tht  organs  of  the  body :  but  not  the  cere- 
bellum, 456.  The  cortical  glands  of  the  cerebrum  are  the  inmost  sensorium  or 
intellectorium,  459.    They  constitute  tbe  supreme  sphere  of  ^bs  living  system,  ibid. 

Chanob  :  see  Spiral.  The  innumerable  changes  of  state  in  the  ultimate  sphere 
of  the  body,  and  their  causes,  II.,  391.  Hie  susceptibility  of  the  papillary  fibre 
of  dianges  of  state,  415.  The  causes  of  changes  of  state  in  the  three  spheres  of 
die  living  body,  441.  The  general  laws  of  all  mutations  or  changes  in  the  body  and 
die  world,  478.  Hiere  are  four  genera  of  changes,  vis.,  change  of  station,  turning 
of  drcumferenoe,  internal  change  of  form,  and  variation  of  magnitude,  480.  See 
Organ,  Organic  Forme,  Variation  of  magnitude,  vis.,  expansion  and  constriction, 
is  a  natural  change,  the  other  three  are  voluntary,  480.  The  universality  of  muta- 
tion in  all  spheres,  ibid.  The  mutations  of  state  in  the  body  are  equal  in  number 
to  all  the  possible  affections  of  the  body  and  of  the  animal  and  rational  minds,  532. 

Chtlb  :  see  Inteetinee,  Stomach,  The  chyle  of  the  body  meets  die  chyle  of  the 
tongue  in  the  subclavian  vein,  85.  Hie  chyle  of  die  tongue  recruits  the  cranial 
venous  blood,  ibid.  The  chyle  is  brought  into  relation  with  all  parts,  by  the  saliva, 
and  led  into  the  inmost  chambers  of  the  blood,  100.  It  consists  of  perpetual 
globules,  178.  The  cellular  coat  of  the  intestines  is  the  first  receptacle  of  the  purer 
chyle,  and  when  it  arrives  there,  it  is  beyond  the  intestinal  sphere  of  motion,  197. 
The  animus  determines  the  nature  of  the  chyle ;  hence  of  the  blood  and  the  body, 
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208.  It  is  both  fed  and  encouraged  by  the  chyle,  ibid.  The  chyle  and  lymph  are 
eagerly  desired  and  imbibed  by  Um  blood  of  the  jugular  reins ;  and  why,  213.  The 
chyle  is  carried  up  to  the  subclavian  vein  by  a  number  of  means,  215.  See  Lymph, 
The  purification  of  the  chyle,  where  effected,  269.  Its  inauguration,  impregnation, 
marriage,  and  copulation,  270.  The  processes  for  forming  and  purifying  it  nin  in  a 
circle  from  chyUfication  to  chylification,  274.  The  regeneration,  or  perpetual  gene- 
ration, of  the  chyle,  ibid.  The  great  quantity  of  chyle  that  is  sent  from  the 
stomach  and  intestines  to  the  liver,  278.  The  two  venee  cavee  divide  ^bs  chyle  of  the 
body  between  them,  292.  The  chyle,  when  in  the  arteries  and  veins,  is  called 
serum,  312.  The  blood  deprived  of  serum  is  the  kindliest  menstruum  for  the  chyle, 
356.  The  diyle  of  the  stomach,  like  that  of  the  liver,  is  inaugurated  by  the  pure 
blood  into  the  blood,  357.  See  Serum.  There  are  three  kinds  of  chyle,  terrestrial, 
aerial,  and  ethereal,  II.,  190,  426.  The  diyle  of  the  intestines  is  of  a  middle  use, 
that  of  the  stomach  is  primary,  513. 

Chylification.  In  chylification  the  lowest  things  necessarily  provide  and 
supply  whatever  the  highest  demand  or  desire,  209.  It  is  the  first  of  the  chemical 
operations  of  the  body,  269.  Where  performed,  512,  See  DigettUmy  Satiguifi^ 
cation, 

CiRCLB :  see  Centre,  Use,  All  things  that  involve  an  end  constitute  a  circle, 
379.  The  simple  circle,  the  progressive  circle,  and  the  transcendent  circle,  iUus- 
trated,  379.  See  Pleura,  The  circles  of  substances  involve  corresponding  circles 
of  all  their  accidents,  and  correspondmg  circles  of  uses,  380.  See  Bnde,  Fat,  Omen- 
tum. The  circles  of  uses  in  nature  are  a  proof  of  the  existence  of  an  all-provident 
God;  and  in  the  body,  of  the  existence  of  the  soul,  381 ;  II.,  361.  Perpetual 
circle,  see  S^nral,  The  circle  of  uses,  or  the  government  of  Providence,  must  not 
be  measured  by  the  erroneous  circles  of  our  minds,  II.,  361. 

Circulation  :  see  Circle.  All  the  humors  institute  circulations  after  the  image 
of  the  circulation  of  the  blood,  293.  See  Bile,  Fat.  There  is  a  transcendent  circu- 
lation, viz.,  of  the  spirit  through  the  fibres  into  the  vessels,  and  of  the  blood  from 
the  vessels  into  the  fibres,  II.,  460.     See  Action,  Humor. 

Color,  the,  of  the  skin,  originates  chiefly  from  causes  in  the  body  ;  secondarily 
from  the  heat  of  the  sun,  II.,  394. 

Compounds.  The  eye  sees  only  the  last  compounds  of  things,  35.  We  perceive 
the  changes  of  state  in  compounds,  not  in  singulars,  207.  The  form  is  the  only 
thing  that  varies  the  essence  of  the  compound,  236.  The  senses  shew  the  forms  of 
the  last  compounds  of  things,  310;  II.,  19,  539.     See  Organic  Forms,  Touch. 

Confirmation.  Any  preconception  may  be  confirmed  by  an  infinity  of  parti- 
culars, 5, 

Contiguous  things,  definition  of,  33. 

Continuous  things,  example  of,  33.  They  are  those  that  are  in  the  same 
series  or  degree ;  and  they  are  homogeneous,  because  referable  to  the  same  or  similar 
unities,  ibid. 

Continuity  :  there  is  perpetual  continuity  in  the  organic  body,  102.  The  dis- 
cernment of  universal  connexion  and  continuity  amounts  to  the  discovery  of  truth, 
157.     See  Spiral. 

Contraction  :  see  Bxpaneion. 

Coronary  Vessels.  They  do  not  arise  from  the  aorta,  516.  They  are  the 
veins  of  the  heart,  ibid.  They  answer  to  the  bronchial  vein  in  the  lungs,  and  to  the 
hepatic  vein  in  the  liver,  ibid. 
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CoRPUBCULBs  in  rapid  motion  appear  in  all  parts  where  there  is  an  abundant 
afflux  of  spirits,  103.  Corpuscnles  when  gyrated  tend  through  die  diameters  of  the 
gyre  to  the  circumferenoes,  198. 

Corpus  Rbticularb  Malpiohii  :  see  Skin. 

Cortical  Glands  :  see  Cerehrmm, 

CoRRESPOKDBNCB»  doctrine  of,  10,  11,  451 ;  II.,  359.     See  JUpretenUUitm, 

Cuticle  :  see  Skin, 

Cutis  :   see  Skin, 

Dborbbs,  doctrine  of,  10,  11 ;  II.,  333.  There  are  deg^rees  of  motion,  and 
also  of  heat,  I.,  133. 

Delight.  Necessity  for  delights  in  order  to  the  insinuation  of  ideas,  and  the 
opening  of  the  way  to  the  innermost  sensorium,  II.,  362. 

Determination:  see  RekUUm.  The  viscera,  organs,  members,  &c.,  are  the 
determinations  of  the  essentials,  493  ;  II.,  112,  138.  The  vessels  and  nerves  are 
the  essential  determinations,  I.,  505  ;  II.,  138.  The  blood  is  determined  by  the  ves- 
sels, 112.  The  essential  determinations  of  the  lungs,  what,  178.  The  animal 
kingdom  forms  its  own  proper  determinations,  285.  There  are  in  the  body  axillary 
and  diametral  determinations,  particular  and  general,  315.  See  Organic  Forms, 
In  the  determination  of  organic  forms  there  is  always  a  progression  from  a  lesser 
unity  to  a  larger,  526.  Determinations  flow  from  the  outermost  sphere  to  the 
innermost,  and  from  the  innermost  to  the  outermost,  544. 

Diaphragm  :  described  by  Heister,  II.,  294.  By  Winslow,  295.  It  is  the  con- 
currence of  the  pleura  and  peritonseum,  300.  As  it  is  the  complement,  the  last  Une, 
and  the  union,  of  all  the  septa  o(  the  viscera,  so  is  it  also  of  all  their  offices,  301. 
It  is  not  only  mediately  attached  to  the  viscera  by  their  coverings,  but  immediately 
by  bands  detached  from  itself,  exactly  according  to  the  cause  in  which  the  viscera 
are  engaged,  ibid.  See  PsritOMBum.  It  transmits  and  immits  the  nerves  of  the  par 
vagum  and  great  intercostal,  as  internal  bonds,  and  the  blood-vessels,  to  the  same 
viscera,  303.  As  it  is  the  most  general  ligament  and  uniting  medium  of  all  the 
members,  so  it  is  the  general  directory  and  uniting  medium  of  all  their  forces,  mo- 
tions, offices,  and  uses,  306.  It  effuses  the  pulmonic  actions  into  the  viscera  and 
parts  above  and  below  itself,  ibid.  It  receives  the  last  series  of  thoracic  motions,  and 
reduces  them  from  particular  and  plural  series,  to  a  general  and  single  series,  308. 
It  acts  entirely  under  the  auspices  of  the  lungs,  309.  It  is  not  only  a  membrane,  but 
a  muscle,  and  thus  compounded  of  two  natures,  a  passive  and  an  active,  resulting 
in  an  intermediate  or  reactive  power,  310.  It  never  acts  excepting  when  acted  upon 
by  causes  in  the  body,  ibid.  See  Active,  The  reason  why  the  phrenic  nerves  come 
off*  from  the  cervical  instead  of  from  the  intercostal  nerves,  and  almost  at  right  angles, 
312.  The  diaphragm  is  the  most  general  axillary  plane  of  the  body,  transverse  to  the 
oesophagus  as  the  most  general  axis,  316.  It  is  a  general  hypomochlium  or  centre  of 
motion,  317.  It  equilibrates  aU  parts,  and  limits  the  sallies  of  the  will  within  the 
circles  of  nature,  319.  It  is  a  trigastric  muscle,  320.  It  communicates  the  col- 
lected forces  of  the  thorax  and  abdomen  to  the  Kolian  centres  of  the  lungs,  322. 
Its  tendinous  space  marks  the  limits  of  the  influx  and  conflux  of  the  actions  o(  the 
thorax  and  abdomen,  ibid.  From  the  configuration  of  this  tendinous  plane  we  may 
infer  the  force,  or  ratio  of  forces,  with  which  each  point  of  the  circumference  acts, 
ibid.  The  foramen  through  which  tiie  vena  cava  passes  is  the  innermost  centre  of 
the  diaphragm,  323.  There  are  two  great  centres  in  it,  the  oesophagus  runs  down 
through  one,  the  vena  cava  runs  up  through  the  other ;  the  former  ii  the  centre  of 
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the  sphere  ci  the  puhnonary  motioiiSy  the  latter,  of  the  sphere  of  the  poises  of  the 
hearty  324.  The  lesser  muscle  of  the  diaphragm  is  not  a  continuatioii  of  the 
greater,  bat  its  antagonist,  325.  It  is  an  axis,  because  it  coigoins  the  three  most 
general  centres  of  die  body,  ibid.  The  inTitation  and  determination  of  humor  by 
and  through  the  cdlular  tissue  of  the  diaphragm,  ibid.  During  embryonic  life  it 
appears  to  hare  instituted  an  intercourse  between  the  pleura  and  peritonnum,  and 
between  the  thymus  gland  and  succenturiate  kidneys,  327. 

DiossTioN  :  see  Stomach,  In  its  series  may  be  compared  to  distillation,  162. 
Perrersions  of  the  order  of  digestion,  163.  The  stomach  and  intestines  merely 
begin  the  work  of  digestion  and  chylification,  278.  Digestion  in  the  louse,  514. 
In  the  covered  snail,  519.     In  the  cossus,  522. 

Distinction.  In  the  most  perfect  organic  forms,  the  fibres  are  thoroughly  dis- 
criminated from  each  other,  and  most  distinct  in  their  action,  11.,  408,  473.  Life 
ceases  with  distinction  of  parts,  409,  474.  The  great  mutual  distinctness  of  the 
least  forms  in  young  subjects,  474.  The  mind  is  bright  in  proportion  as  it  is  dis* 
tinct,  ibid.  Succession  and  separation  in  things  are  necessary  conditions  of  distinct- 
ness, 527.     See  Fatut,  Humor,  Organic  Forms,  Tongue,  Variety, 

Dunking  :  see  Tongue,  Two  powers  of  die  tongue  and  palate  unite  in  the  act 
of  drinking,  79. 

Ductus  Cholidochus,  described  by  Winslow,  259. 

Ear  :  see  Larynx,  It  is  constructed  on  the  principle  of  modified  air,  II.,  449. 
See  Touch, 

Eating  is  natural,  and  in  its  rudiments  precedes  YoUtion,  50.     See  T\mgue. 

Economy,  the,  of  the  animal  kingdom,  is  replete  with  order,  stupendous^ 
divine,  339. 

Effects  derive  everything  from  their  causes,  and  these,  from  their  principles, 
194.  See  Cause,  ^jfficienta,  End,  Pancreas,  Uses,  What  is  natural  and  what  volun- 
tary in  the  body  may  perhaps  be  concluded  from  the  nerves,  but  more  surely  and 
plainly  from  effects,  11.,  108.  All  ultimate  effects  are  brought  about  by  mere  suc- 
cessive mediations,  319.  In  order  to  unfold  the  sldn  we  must  have  recourse  to 
effects,  these  being  more  strongly  and  easily  visible  than  tissues  as  examined  by  the 
eye,  407.  An  effect  is  the  complex  and  sum  of  all  its  antecedents,  529.  See 
Saliva,  Stomach,  Viseus, 

Efficient  :  see  Cause,  ^fect,  Pancreas,  The  unanimous  conspiring  of  effi- 
cients and  effects,  276,  293.  Their  vast  multitude,  ibid.  The  continuously  succes- 
sive progression  of  efficients  and  effects,  ibid. 

Ends  are  all  in  all  in  means  and  effects,  34.  Identity  of  end  conjoins  parts, 
108.  The  last  things  so  conspire  with  the  first,  that  the  end  of  the  cause  is  apparent 
from  the  effect,  340.  The  organic  form  resembles  the  end  inscribed  upon  it,  341. 
The  body  is  a  mechanism  of  effects,  which  are  all  represented  in  the  soul  as  ends, 
377.  See  Cause,  Effect,  Soul,  Use.  The  last  effect  or  use  is  the  first  in  the  cause; 
or  is  the  end  ;  and  thus  completes  die  circle  of  uses,  379.  In  the  animal  kingdom, 
every  end  is  at  the  same  time  a  beginning,  I.,  283 ;  II.,  315,  330,  420,  446.  We 
live  more  perfecdy  die  more  we  respect  ends,  and  more  sublimely,  the  higher  the 
ends,  344.  Ends,  like  causes,  describe  progressively  an  entire  revolution  and 
circle,  361.  See  Ltfe,  The  ultimate  end  of  Providence  in  human  life,  is  the  con- 
stxtution  of  a  spiritual  heaven,  a  kingdom  of  God,  or  a  holy  society,  in  which  the 
end  of  creation  is  regarded  by  God,  and  by  which  God  is  regarded  as  the  end  of 
ends,  366. 
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Epilogue,  the,  u  analogous  in  its  function  to  the  peritoneum,  526. 

EauALiTT,  oneness  and  sameness,  produce  neither  order  nor  degrees,  55,  56. 
Nor  any  society,  II.,  363.  All  proportion,  analogy  and  relation,  perish  in  equality, 
and  all  sensation ;  and  eren  miion  or  unity  itself,  477. 

EauATioN.  The  effort  of  the  fluids  of  the  hody,  and  particnlarly  of  the  blood, 
to  eqnilibriam,  may  be  called  equation ;  referring  both  to  the  quantity  and  quality  of 
the  blood,  274.  In  the  body  there  is  perpetual  loss  and  restitution  of  equilibrium 
and  rest,  and  consequently  change  of  equation,  ibid,  and  275.  The  brondiial 
artery  tends  to  produce  an  equation  of  the  cardiac  and  pulmonic  blood,  both  with 
respect  to  quantity  and  quality,  II.,  206. 

EauiLiBBiuM  :  see  Action,  Equation. 

Errors.  One  source  of  errors  is,  that  we  judge  of  the  things  that  act  within 
us,  from  those  that  pass  without  us,  173.  Another  source  is,  hasty  generalization 
fh>m  a  few  facts  of  our  own  discovery,  267. 

Eustachian  Turk,  the  use  of ,  44 ;  II.,  47. 

Expansion  and  Contraction.  Nothing  can  be  done  in  any  part  without 
expansion  and  contraction:  they  are  the  vital  principles  of  all  operations,  286. 
The  alternate  reciprocation  and  reciprocal  alternation  of  expansion  and  contraction 
produce  apparent  rest,  in  which  no  motion  is  discernible ;  for  the  general  contraction 
of  the  mass,  and  the  synchronous  expansion  of  the  glands,  give  the  appearance  of 
absolute  tranquillity,  325.  The  office  of  each  organ  determines  its  conditions  of 
expansion  and  contraction,  340.  Inmost  and  outmost  causes  simultaneously  concur 
to  the  expansion  of  the  fibres,  ibid.  A  wonderful  correspondence  between  expansion 
and  contraction  prevails  throughout  the  system,  341.  All  bodies  that  expand  and 
contract  alternately  have  the  marks  of  ^leir  motion  imprinted  on  their  surfiu^es, 
which  marks  are  generally  occupied  by  the  blood-vessels,  401.  Necessity  for  expan- 
sion and  contraction  in  the  whole  and  all  parts  of  the  body,  and  of  the  universe,  II., 
139,  460.  The  expansion  and  constriction  of  the  cortical  glands  of  the  brain,  158. 
When  the  blood-vessels  are  expanded,  the  spirit-vessels  or  fibres  are  compressed, 
and  vice  vertA,  See  Anhnationf  Atmospheret,  Bladder,  Kidneys,  Liver,  lAnge, 
Mesentery,  Reepiration,  Spleen,  Snccenturiate  Kidneys. 

ExPERiBNCB  is  plentiful  enough  at  the  present  day  to  serve  analysis  for  the 
discovery  of  truth,  9,  15.  Experimental  knowledge,  unless  so  made  use  of,  is 
likely  to  perish,  9.  Care  must  be  taken  not  to  wander  far  from  experience,  18. 
The  confirmation  of  experience  by  reason,  and  of  reason  by  experience,  II.,  116. 
The  various  meanings  of  the  word  experience,  347.  Experience  supplies  the  objects 
of  rational  analyses,  ibid.  Particular  experience  is  not  sufficient  for  the  discovery  of 
truth ;  general  experience  is  required,  349.  Experience  cannot  arrive  at  truths, 
without  the  aid  of  the  sciences,  350. 

Expiration  :  see  Respiration. 

Etb.     It  is  constructed  on  the  principle  of  modified  ether,  II.,  449. 

Faith,  lliose  who  can  comprehend  spiritual  things  by  faith,  need  not  read  the 
autiior's  books,  14. 

Fat,  the,  described  by  HeLster,  364.  By  Malpighi,  368.  Comparative  anatomy 
of,  from  Swammerdam,  369.  It  consists  of  the  exuberant  portion  of  the  bodily  part 
of  tiie  blood,  373.  The  blood  demands  back  this  deposit,  and  therewith  satisfies  its 
own  hunger,  and  that  of  tiie  stomadi  and  other  viscera,  389.  The  circulation  of  the 
fat  is  an  appendage  to  the  circulation  of  the  blood,  ibid.  It  increases  in  purity  by 
degrees,  ibid.     The  pellicle  of  a  globule  of  fat  is  a  miniature  omentum,  ibid.     Its  ap- 
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parent  tenacity  ia  owing  to  its  membranes ;  in  itself  it  is  like  the  thinnest  milk,  ibid. 
See  Omentum. 

FiBRB,  each,  brings  with  it  the  nature  of  its  parent,  51,  206  ;  II.,  409,  416,  454. 
Tlie  quality  of  the  animus  determines  that  of  the  fibre,  because  of  die  spirit  tiiereof, 
I.,  52,  339.  The  fibres  of  the  body  return  in  a  circle  to  the  brain,  156,  II.,  409. 
The  fibres  are  a  continued  brain,  I.,  157.  They  are  the  essential  powers  and  vital 
forces  of  the  body,  200.  The  fibre,  in  its  least  forms,  as  the  papillte,  &c.,  accom- 
plishes nimbly  and  distinctly,  what  in  generals,  as  the  tongue,  dec,  it  accomplishes 
sluggishly  and  obtusely,  207,  222.  Longing,  loathing,  and  other  states,  may  be  pre- 
dicated of  the  fibres,  as  of  the  animus  of  the  cerebrum,  ibid.  See  Metentery,  Nu- 
triiUm,  Nervous  fibre  acts  like  muscular  fibre,  only  more  perfectly,  216.  Hie 
simplest  fibres  are  so  many  determinations  of  the  final  ideas  of  the  soul,  242,  339, 
488.  Tlie  simple  fibre  exclusively  is  what  forms  and  acts  in  the  kingdom  of  the  soul, 
242,  339.  The  nervous  fibres  generate  die  vessels  by  circumvolution,  243 ;  II.,  412. 
The  simplest  fibre  is  the  essential  form  from  which  all  other  forms  are  derived,  I.,  339. 
The  nervous  fibre,  what,  489.  The  corporeal  fibre,  490.  Every  action  of  the  cere- 
brum  and  cerebellum  is  determined  through  the  fibres,  and  the  fibres  are  determined 
into  act  by  their  principles,  II.,  158.  Wherever  any  fibre  produces  a  new  corpus, 
cule,  there  it  lays  aside  its  former  nature,  and  derives  a  new  nature  from  its  new 
body,  409.  The  fibre  of  the  soul  and  the  fibre  of  the  body,  ibid.  The  corporeal 
fibre,  why  so  called,  410.  It  constructs  the  inmost  or  nervous  coat  of  the  arteries, 
ibid.,  and  413.  It  arises  in  the  skin,  and  terminates  in  the  cortical  substances  of  the 
brain,  426.  The  interstices  of  the  nervous  fibres  are  permeable,  as  well  as  the  fibres 
themselves,  432.  The  cortical  glands  are  the  principles  of  die  nervous  fibres,  461. 
The  varieties  of  fibres,  and  the  confusion  that  arises  by  calling  them  all  by  one  sub- 
stantive  name,  486.  Both  the  outermost  and  innermost  things  are  the  extremes  of 
the  fibres,  551.     See  Olands. 

Fluids.  It  is  a  law  that  they  permeate  their  canals  from  a  greater  to  a  lesser 
diameter,  whenever  they  are  going  to  an  outlet,  46.  They  always  tend  from  unquiet 
to  more  quiet  stations,  47,  386;  II.,  Ill,  255,  286,326,327.  The  fluids  of  the 
body  described  by  Heister,  I.,  234.  Intrusion  of  die  fluids  is  never  permitted ;  leave 
to  enter  must  be  given,  239,  348.  The  summoning  of  fluid  to  the  fibres  according  to 
their  need,  by  a  kind  of  attractive  force,  II.,  81.  Wherever  there  are  cavities  con- 
taining  organic  parts,  there  must  be  some  humor,  vapor,  or  unguent,  to  anoint  their 
peripheries,  radii  and  axes,  that  is  to  say,  their  joints  and  articulations,  268.  See 
Humor, 

F(BTUS.  The  quiescence  of  the  mind,  and  of  many  of  the  organs  of  the  body, 
during  the  foetal  state,  398.  All  things  at  this  time  proceed  according  to  the  tenor  of 
nature's  ends,  400.  And  the  supreme  power  of  the  kingdom  devolves  upon  a  few 
organs,  ibid.,  512.  See  Succenhtriate  Kidneys,  Thymut  Gland.  No  particular 
action  separate  from  the  general  action  can  be  produced  in  the  foetus,  and  why,  II., 
153.  The  life  of  the  soul  in  the  embryonic  body  is  an  order  of  forces  and  operations 
proceeding  a  priori  ad  poateriora,  but  the  life  of  the  body  is  an  order  proceeding 
a  posteriori  adpriora,  154,  262,  332.  The  conditions  of  the  foetal  state,  263.  The 
relative  perfection  of  foetal  life,  264.  What  was  active  before  birth,  became  passive 
and  at  the  same  time  reactive  after  birth,  333.  The  life  after  birth  is  the  inverse  in 
order  and  forces  of  the  life  before  birth,  ibid.  The  means  and  accompaniments  of 
this  inversion,  334.     In  embryonic  life  the  nervous  fibre  was  the  proximate  cause  of 
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the  heart's  action  ;  but  after  birth,  the  Tenooi  blood,  335.    Hie  perfect  cBstmctncM 
of  all  the  gtnictiirea  in  the  embryo,  440.     See  jBram,  h^lux^  8aui. 

FoBCB.  Everything  is  modelled  to  the  forces  acting  upon  it,  II.,  450.  See 
Action,  lAtngt,  Potency, 

Form.  Every  particle  has  its  own  form  and  fignre,  52.  Tlie  least  forms  are  the 
antetypes  of  the  larger,  53.  Whenever  an  action  is  intended,  a  corresponding  motion 
is  induced,  and  a  form  corresponding  to  the  motion  generated ;  thos  the  form  of  sub- 
stances coincides  with  the  form  of  the  active  forces ;  and  of  the  motion  producing  the 
action,  124.  Forms  ascend  from  lowest  to  highest,  in  order  and  by  degrees,  126. 
Hie  degrees  of  forms  are  the  angular,  circular,  spiral,  vortical,  celestial,  and  spi- 
ritual, ibid.  The  large,  compound,  and  visible  forms  in  the  body,  exist  and  subsist 
from  smaller,  simpler,  and  invisible  forms,  whidi  act  like  the  larger,  but  more  per- 
fectly and  universally,  129.  Whatever  is  manifested  in  compound  and  ultimate, 
arises  from  simple  and  primal  forms,  130.  Hie  higher  forms  assume  relations  like 
those  of  the  great  sphere  of  nature,  134.  The  simple  circle  is  not  the  most  perfect 
of  forms,  and  why,  XL,  314.  Our  innermost  forms  are  nourished  by  terrestrial,  our 
outermost  by  celestial,  food,  446.     See  AngUt,  dreU,  Spiral. 

Forms,  doctrine  of,  10,  11,  126.  Nature's  miracles  in  the  animal  body  can- 
not be  explored  without  a  doctrine  of  forms,  198 ;  II.,  314.     See  Form», 

Fortius,  Anoklus,  taught  that  the  finer  parts  of  the  food  ascend  to  die  brain 
through  the  radicles  of  the  nerves,  40. 

FuTURB  Life,  the,  II.,  265. 

Gall-bladdbr,  the,  described  by  Heister,  255.  By  Wtnslow,  259.  It  is  the 
ultimate  asylum  of  the  unclean  and  obsolete  blood,  297.  Whatever  impurities  can- 
not be  defecated  in  the  liver,  are  sent  away  into  the  gall-bladder,  298.  It  derives  its 
bile,  not  from  the  liver,  but  from  the  recrementitious  blood  of  the  gemeDae  cysticv, 
299.  Comparison  between  the  gall-bladder  and  the  large  intestmes,  300.  It  is  a 
blood-intestine  and  gall-colon ;  and  also  resembles  the  urinary  bladder ;  beiiig  the 
excretory  vessel  of  the  impure  blood,  as  the  urinary  bladder,  of  the  impure  serum, 
301.  It  invites  to  it  the  impure  blood,  and  by  what  means,  ibid.  Chemical  exami- 
nation throws  no  light  upon  the  origin  of  the  gall,  297,  305.     See  lAver, 

General,  or  Common.  Nature  for  the  most  part  produces  a  general  on  the 
model  of  particulars,  48.  From  generals  we  may  expatiate  into  particulars,  74. 
Every  general  derives  its  nature  from  parts,  194.  Necessity  for  general  principles, 
235,  See  UnwermU.  A  general  is  what  contains  and  distinguishes  a  universe,  its 
integers  and  singulars,  492  ;  and  II.,  390.  There  are  as  many  general  limitations 
and  bonndings,  as  essential  parts,  or  determinations  of  essentials,  I.,  492.  A  general 
is  more  universal  in  proportion  as  it  is  less  general,  493.  See  MembtwM  and  Peri' 
tonaum.  In  proportion  as  any  part  is  loose  from  and  unconfined  by  its  general,  its 
importance  in  the  society  of  the  body  is  diminished,  501.  Tlie  general  bonds  are 
relaxed  by  degrees  as  life  advances,  505.  Wherever  there  is  a  particular,  there  is  a 
corresponding  general,  II.,  19,  115.  Sing^ular  states  are  in  no  way  changed  by  the 
superinduction  of  general  states,  58.  What  is  proper  to  one  thing  must  also  be  com- 
mon to  all,  107,  120,  253,  260.  Tlie  general  life  is  but  the  sum  and  complex  of  indi- 
vidual lives,  192.  The  laws  of  influx  relating  to  the  common  bonds  or  general 
membranes,  234.  See  Diaphragm.  Particular  states  constitute  the  general  state, 
319.  The  parts  always  construct  Uieir  general,  and  bring  it  forth  from  their  own 
body,  390.     In  every  unanimous  society  everything  must  refer  itself  to  some  general, 
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402.  What  is  oommon  grows  oat  of  its  ptrts,  and  not  viet  vertA,  414.  See  Heart. 
The  ibrm  of  the  general  is  perfected  when  the  form  of  tbit  part  or  unity  is  perfected. 
627.     See  Natwre, 

Gbomstrt  :  see  Philotopky.  The  function  of  geometry  in  anatomical  science, 
II.,  350. 

Glands,  tbe,  described  by  Nnclc,  224.  By  Malpighi,  227.  By  Boerhaave,  230. 
List  of  them  from  Nock,  233.  The  conglobate  glands  regulate  the  quantity  and 
quality  of  the  lymph,  239.  The  conglomerate  glands  are  so  many  models  of  labora- 
tories, preparing  infinite  species  of  humors,  ibid.  They  are  in  a  continual  series, 
ibid.  Tlie  uses  of  which  they  are  the  causes,  are  general,  specific,  and  particular,  240. 
A  general  idea  of  their  operations,  241.  All  their  conditions  are  accommodated 
thereto,  ibid,  Erery  gland  in  the  animal  kingdom  o^oys  a  plenary  communion  of 
its  goods  and  fluids,  ibid.  See  Meteniery.  The  soul  disposes  all  .the  processes  of 
the  glands  by  the  simplest  fibres,  242.  Hie  fibres  composing  the  conglomerate 
glands  are  fourfold  in  origin,  nature,  use,  and  determination,  243.  The  conglomerate 
and  conglobate  glands  are  mutually  antagonistic  in  their  functions ;  the  former  de- 
stroying the  blood,  the  latter  restoring  it,  245,  246.  All  the  glands,  and  the  elements 
of  each,  have  their  differences  and  similarities,  ibid.  A  small  gland,  if  harshly  pro- 
Toked,  pours  forth  as  much  saliva  as  a  large  gland  that  is  treated  with  mildness,  II., 
280.  Necessity  for  reg^ulative  glands  to  preside  OTer  the  excretion  of  the  sweat,  417. 
Tlie  glands  lend  themselves  to  all  circumstances,  and  supply  whatever  is  desired,  439. 
See  Panereoi,  Pituitary  Oland,  Thymu$  Oland. 

GooDNSSs.  The  faculty  of  apprehending  the  goodness  of  forms  is  innate  in  both 
the  external  and  internal  senses,  1 ;  II.,  154,  345.     See  Affectiona, 

Gbavitt  :  see  Microeotm,  The  parts  received  into  the  body  are  exempted  from 
the  ordinary  laws  of  gravity,  80 ;  II.,  285.  Exemplified  in  the  oesophagus,  I.,  99. 
In  the  stomach,  134.  In  the  intestines,  172,  474.  And  specifically  in  the  jejunum 
and  ileum,  177. 

Gtrb  :  see  Spiral. 

Hair.  The  hair  that  appears  on  the  chin  at  puberty  results  from  die  afllux 
thither  of  the  pituitary  and  oily  lymph  of  the  sheath  of  the  spinal  marrow,  II.,  77. 

Heart,  the,  is  produced,  and  excited  to  motion,  by  the  small  veins,  156. 
Sanguification  is  primarily  performed  in  the  heart,  213.  Hie  heart  is  a  chemical 
vessel  for  preparing  liquids  to  enter  into  the  composition  of  the  blood,  214.  Its 
motions  are  principally  kept  up  by  the  afBux  of  blood  from  the  brains  and  meduUse ; 
but  not  by  the  blood  of  the  body,  215.  The  heart  and  lungs  supply  all  the  mem- 
bers of  the  body  with  blood,  337.  The  heart's  office  consists  in  gathering  the  blood, 
and  transmitting  it  to  every  comer  of  the  body,  but  not  in  assigning  to  the  viscera 
the  quantity  or  quality  that  their  offices  require,  348.  See  Iwritation^  Lunffs.  No 
part  demands  a  freer  sphere  of  activity  dian  the  heart,  II.,  234.  Terms  of  the 
covenant  between  the  heart  and  lungs,  235.  After  birth  the  heart  is  raised  into 
diastole  by  the  influx  and  impulse  of  the  venous  blood ;  its  systole  being  the  result 
of  the  reaction  of  its  nervous  fibres,  ibid.  Before  birth  the  heart  acquired  its  power 
of  action  immediately  from  the  fibres  of  the  cerebellum.  Thus  it  was  actuated  by 
internal  causes  before  birth,  by  external  causes  after  birth,  238,  239.  It  unlocks 
the  lungs  by  means  of  the  pulmonary  artery,  340.  The  heart  grows  out  of  its 
arteries  and  veins,  and  not  vice  vffrtd,  414.  It  is  the  common  centre  of  the  blood- 
vessels,  but  is  not  a  collection  of  a  number  of  centres,  like  other  parts,  485.  It  is 
the  mverse  of  other  spheres  of  the  body,  and  how,  491. 
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Hkat,  the  degrees  of,  in  the  body,  133. 

Humor.  The  recrementitioiiB  htimora  alwayi  perform  some  ose  before  they  are 
thrown  out,  183.  The  use  of  one  humor  is  a  means  to  the  use  of  another,  239. 
The  humors,  and  the  glands  that  produce  them,  are  correlatives  with  respect  to  use, 
240.  The  purer  animal  juices  aspire  not  only  to  the  prolongation,  but  to  the  per- 
petuation of  life,  ibid.  There  is  no  possible  humor  to  which  the  blood  cannot  give 
genesis,  origin,  and  existence,  242.  All  the  humors  institute  a  continual  circuit, 
after  the  image  of  the  circulation  of  the  blood,  293,  379,  380.  Every  humor  that 
nature  produces  is  of  so  perfect  and  consummate  a  character  as  to  be  a  universal 
menstruum,  326.  See  Member.  All  humors  constantiy  follow  the  parietes  of  parts, 
and  descend  along  their  plane  surfaces ;  and  never  escape  from  the  middle  of  an 
aperture,  unless  their  quantity  be  superabundant,  II.,  37,  275.  See  Fluid.  In 
order  that  all  things  may  act  distinctiy,  they  must  be  kept  separate  by  an  interfluent 
and  circumfluous  humor,  269. 

HuNGBB  and  thirst  are  a  general  desire,  arising  firom  the  sum  of  particular 
desires  in  all  the  veins,  85.  The  singulars  and  individual  elements  of  the  body  are 
what  really  hunger  and  thirst,  207,  236. 

Idbas  :  see  Jj^e.  There  are  no  innate  ideas,  2  ;  II.,  345.  The  higher  ideas 
are  generated  by  a  continual  formation  and  as  it  were  multiplication  of  the  lower 
ideas,  343,  351.  This  process  supposes  the  influx  of  a  spiritual  power,  ibid.  Ideas 
in  themselves  are  material ;  but  when  disposed  in  analytic  order,  they  are  no  longer 
to  be  reckoned  material,  but  rational,  344,  351.  When  the  ideas  of  imagination  are 
disposed  in  a  rational  series,  there  arises  an  intimate  sight  which  constitutes  thought, 
348. 

Imagination  is  referable  to  the  first  internal  sense  which  comes  next  to  ocular 
vision,  II.,  95.  It  cannot  reduce  the  materials  in  the  memory  to  any  order  but  that 
which  affects  tiie  external  senses  and  the  inferior  mind  of  the  body,  354.  It  is  the 
activity  of  the  memory,  ibid.  In  respect  of  sensation,  it  is  neaiiy  at  one  with 
ocular  sight,  442.  It  is  distinct  firom  both  sight  and  thought,  ibid.  It  exists  in 
brutes  devoid  of  reason,  but  thought  is  proporly  human,  ibid. 

Incitation.  All  parts  of  the  body  are  excited  by  a  propulsive,  active,  and 
living  force,  which  may  be  called  incitation,  274,  294.  See  Attraction  and  Imnta- 
tion.  The  general  cause  of  incitation  or  propulsion  is  the  unanimous  effort  of  the 
spirits  to  equilibrium,  275.  Incitation  in  the  gall-bladder,  301.  The  office  of  each 
organ  determines  its  incitation  and  invitation,  340.  Incitation  is  produced  by  con- 
traction, ibid. 

Induction.  We  may  pass  with  unfiniling  induction  firom  continents  to  con- 
tents, and  vice  vertit^  185,  219. 

Infidklity.  Its  intellectual  accompaniments  and  moral  consequences,  14,  15. 
The  author  indites  his  work  for  those  who  believe  nothing  but  what  they  can  see ;  thus 
to  open  up  a  new  way  of  approach  to,  and  acknowledgment  of,  spiritual  things,  15. 

Influx.  After  birth  all  things  flow  inversely,  or  from  without  to  within,  II., 
335,  336.     See  JVs/ii#. 

Infundibulum,  the,  represents  a  preeminent  lymphatic,  251. 

Inspiration  :  see  Beepiration, 

Intbllbct,  the  human,  how  generated,  II.,  346. 

Intblliobnce.  There  are  three  causes  that  lead  to  intelligence ;  experience  is 
the  first  or  ministering  cause ;  the  sciences  are  tiie  second  or  mediate  cause ;  the 
faculty  of  thmking  distinctiy  is  the  third  or  efficient  cause,  II.,  347.     These  three 
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causes  will  not  oondact  to  intelligence  of  real  truths  unless  we  extinguish  the  impure 
fires  of  the  body,  and  our  own  delusive  lights,  357. 

Intkbcostal  Vsssbls.  The  blood  does  not  enter  them  synchronously  with 
the  cardiac,  but  synchronously  with  the  pulmonic  movements,  217 ;  II. »  246.  They 
come  off  at  right  angles  from  the  aorta,  246. 

Intskcobtal  Nbrvb,  the  great,  arises  from  the  oerebe&um,  II.,  455,  and 
pa99im. 

Intbstinbs,  the,  described  by  Heister,  140.  By  l^lnslow,  144.  Comparative 
anatomy  of,  from  Leeuwenhoek,  150.  From  Swammerdam,  151.  Curious  particu- 
lars of,  and  remarkable  ingesta  found  in,  from  Schurig,  153.  Authors  to  be  con- 
sulted respecting,  154.  The  intestines  are  a  new,  continued,  or  consecutive  stomach, 
157.  They  are  analogous  to  the  stomach  in  their  structures,  158.  The  spires  in 
the  concave  tiuface  of  the  stomach  are  developed  into  equal  solids  in  the  intestines, 
159,  160.  Their  motion  and  fluxion  are  spiral,  160,  194.  The  operations  of  the 
alimentary  canal  are  successive,  like  the  articulations,  160.  The  intestines  receive 
from  the  stomach  nothing  but  its  refbse,  162.  They  treat  die  food  successively  widi 
more  vehement  motion,  grosser  heat,  longer  delay,  and  a  more  acrid  menstruum, 
ibid.  Each  articulation  effects  and  produces  something  particular  for  itself,  some- 
thing general  for  what  comes  after  it,  and  something  most  general  for  all  in  the 
series,  163.  Each  has  its  own  spring  of  saliva,  164,  181.  The  intestines  perform 
movements  synchronous  with  tiiose  of  the  lungs,  ibid.,  515,  520.  Tlie  movements 
run  from  node  to  node,  to  and  fro,  165.  The  small  intestines  wreathe  forwards  to 
the  valvula  coli ;  the  large,  backwards  to  the  same  point,  ibid.  They  meet  at  the 
valve  during  diastole,  but  mutually  recede  from  it  during  systole,  166.  The  coecum 
is  their  field  of  expansion,  166.  The  simple  expansion  and  contraction  of  their  mus- 
cular coat  produces  their  movements,  167.  Their  dilatation  involves  their  extension ; 
their  contraction,  their  retraction,  168.  The  intestinal  gyre  respects  the  fimbriated 
border  of  the  mesentery  as  its  central  circle,  and  the  reoeptaculum  ohyli  as  the  centre 
again  of  this  circle,  169.  See  Oravittf^  Mesentery ^  Spiral.  The  intestines  first 
throw  their  contents  from  their  axis,  or  continued  centre,  to  their  concave  parietes ; 
and  so  into  their  cellular  coat ;  where  another  force  transfers  them  to  the  reoeptaculum 
chyli,  171.  The  duodenum  inaugurates  the  intestines  into  their  spiral  form  and  mo- 
tion, 174.  It  digests  the  exhausted  and  undigested  contents  of  the  stomach,  and  im- 
bibes their  first  products,  ibid.  None  of  the  vapor  taken  up  by  the  arteries  of  the 
intestines  rises  immediately  to  the  cortical  substances  of  the  brain,  ibid.  The  glands 
and  papillae  of  the  intestines  absorb  fluids,  and  do  not  excrete  mucus,  175,  196.  TYne 
intestines  do  not  give,  but  receive,  ibid.  Rationale  of  the  operation  of  purgatives, 
ibid.  The  glands  and  papillc  are  the  principles  of  the  intestines,  176.  The  duode- 
num is  capable  of  an  inverse  movement,  177.  The  action  of  the  jejunum,  ibid.  •  It 
evacuates  its  contents  more  rapidly  dian  the  others,  179.  Office  of  its  valvule  con- 
niventes,  ibid.  The  ileum  imbibes  none  but  the  less  pure  chyle,  ibid.  The  caecum 
and  valvula  coli,  180.  The  appendix  ooeci  vermiformis  is  the  tongue  of  the  balance 
of  the  intestinal  motion ;  and  pours  a  fluid  into  the  large  intestines,  181.  This  fluid 
is  proximately  obtained  from  the  cellular  coat  of  the  intestines ;  remotely  from  the 
cellular  coats  of  the  peritonsBum  and  abdominal  viscera,  182.  The  harsh  and  violent 
action  of  the  colon,  184.     It  retains  and  macerates  the  food,  ibid.    The  rectum,  185. 

Invitation.  All  parts  of  the  body  are  excited  by  an  attractive  physical  force, 
corresponding  to  indtation,  which  may  be  called  invitation,  274,  294.  See  Lher, 
The  general  cause  of  invitation  is  the  unanimous  effort  of  the  fluids  of  tiie  body, 
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and  particularly  of  tbit  blood,  to  equilibriam,  ibkt  See  BquaitM,  InTitatkm  of 
tiie  blood  by  the  gall-bladder,  301.  See  Jiteitrntum.  Invitatkm  is  a  kind  of  attrac- 
tion,  340.  It  is  brought  about  by  the  particular  hbfic,  situation,  connexion,  modns 
operandi,  and  activity  of  the  yisoera,  348.  See  Atiraetum.  By  Tirtue  of  a  corre- 
sponding  invitation  and  indtation,  there  is  an  equation  and  perpetual  circle  of  aU 
things,  and  each  has  its  conditions  from  the  community,  360.  Embryos  suck  out 
the  maternal  blood  through  the  umbilical  vessels  ;  so  that  the  blood  is  not  poured  in 
by  the  womb  without  invitation,  408.  The  air  does  not  rush  into  the  nares  un- 
bidden, but  is  attracted  and  invited,  II.,  12.  Likewise  into  the  lungs,  ibid.  No 
humor  ever  crosses  without  invitation  into  the  region  of  another  hunuMr,  260.  Not 
a  drop  of  fluid  can  flow  into  the  bed  of  an  organ,  without  the  organ  inviting  it,  and 
determining  both  the  quantity  and  quality  to  be  supplied,  279.  The  heart  invites 
the  liquor  pericardii  into  the  pericardium,  ibid.     See  Aorta,  Spleen, 

Jaws,  the,  described  by  Heister,  60.    Their  muscles,  62. 

KiDKSTs,  the,  and  the  Ureters  :  described  by  Heister,  415.  By  Wmakm,  416. 
By  Malpig^,  420.  Authors  to  be  consulted  respecting,  425.  Tlie  kidneys  are  most 
busily  actuated  by  alternate  expansions  and  contractions,  in  the  whole  and  in  every 
part,  431.  Which  are  synchronous  with  the  movements  of  the  respiration,  432. 
The  sinuosity  of  the  kidneys  is  their  central  region  of  motion,  from  which  their  ex- 
pansion and  contractioa  begins,  into  which  it  returns,  and  where  it  terminates,  432. 
Hie  cerebellum  by  means  of  the  fibres  keeps  up  their  interior  motion ;  the  lungs,  by 
means  of  the  peritonsum  and  diaphragm,  their  exterior  motion,  434.  When  we 
know  their  motion  and  structure,  we  can  understand  their  modus  operandi,  436. 
Iliey  expunge  the  stale  serum  from  the  arterial  blood,  and  how,  436.  Hie  vessels 
prolonged  from  the  foramina  of  the  blood-vessels  of  the  kidneys,  are  the  first  and 
nmplest  urinary  ducts,  441.  Hie  mode  in  which  tbe  urine  is  excreted  and  eminged, 
ibid.  The  primitive  ureters,  the  middle  ureters,  and  the  ultimate  ureters,  what,  444. 
T\m  kidneys  act  upon  Ihe  serum  by  violent  detrusion,  ibid.  The  tnbuU  uriniferi  are 
wider  above  dian  below,  the  inverted  pyramidal  form  reigning  throughout  the  urinary 
series,  446.  From  the  outcast  serum,  throu^out  its  passage,  the  veins  recover  and  ab- 
sorb the  finer  elements  of  the  blood,  447.  Hie  lymphatics  redeem  its  spirituous  and 
essential  parts,  449.  The  suprarenal  glands  also  rescue  thdr  portion,  451.  The  spiri- 
tual meaning  of  **  Seardiing  the  nana"  431.  The  kidneys  draw  off  the  sluggish  and 
noxious  phlegm  from  the  peritonttum,  and  perhaps  a  portion  of  the  effete  fot,  452. 
Tlie  results  effected  by  them  are  brought  about  with  infinite  variety,  according  to  the 
states  induced  by  internal,  intermediate,  or  external  causes,  454.  Hie  varieties  in 
the  urine  have  corresponding  to  them  as  proximate  causes  the  same  number  of  changes 
of  state  in  die  body  of  the  kidneys,  455.     See  Blood,  Serum,  Spiral, 

Lactsals,  the,  described  by  Heister,  187.  By  Winslow,  190.  Authors  to  be 
eonsuhed  respecting,  191. 

Labtnx,  tbe :  see  Tongue,  Hie  larynx  modifies  sounds,  77.  Described  by 
Heister,  11.,  39.  By  Winslow,  41.  Observations  on,  by  Morgagni,  44.  Antiiors 
to  be  consulted  respecting,  45.  Hie  larynx  and  the  ear  are  correlated  as  active  and 
passive,  and  communicate  with  each  odier  by  two  ways,  46.  Unlike  the  other 
organs  of  the  senses,  their  construction  comes  within  the  sphere  of  sight,  48.  AU 
the  mysteries  of  acoustics,  music,  and  harmony,  are  inscribed  on  them  by  nature, 
ibid.  Hie  larynx  undertakes  and  performs  the  first  department  of  offices  in  respira- 
tion, modulation,  and  speech,  50.  It  must  have  acquired  die  frtculty  of  opening 
the  glottis  faito  all  measures,  figures  and  forms  whatever,  that  can  be  described  by 
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the  geometric  compasses,  or  summed  up  by  the  analytic  calculus ;  munely,  from  the 
line  or  fissure,  through  all  possible  intermediate  curves,  both  simple,  and  com- 
pounded and  mixed  in  infinite  ways,  to  the  complete  circle,  52.  It  must  be  able 
to  Himini«h  and  enlarge  these  dlTersiform  apertures  of  the  glottis,  that  is  to  say,  the 
diameters  of  the  above-mentioned  figures,  within  stated  limits,  and  by  reason  of  the 
varied  dimension,  to  dilate  the  field,  and  multiply  the  details  of  the  modifications, 
57.  It  must  have  the  power  of  disposing  and  conforming  the  cavity  of  its  tube  com- 
prehended by  the  cartilages,  to  the  whole  nature  of  sound,  to  the  relative  size  of  the 
aperture  of  the  glottis,  and  to  the  correspondent  condition  of  the  palate,  the  tongue, 
the  lips,  and  the  mouth,  62.  At  the  very  moment  when  singing  or  speaking  are  in- 
tended, the  membranes  must  be  put  in  readiness  to  receive  the  sonorous  tremblings, 
and  instantly  prepared  for  the  proximate  series  of  varieties,  63.  The  uses  of  the 
ventricles  of  the  larynx,  ibid.,  and  68,  70,  73.  The  laryngeal  tube,  with  all  the  ap- 
paratus below  and  above  it,  from  the  lungs  to  the  aperture  of  the  mouth,  must  sufier 
itself  to  be  extended  or  contracted,  suitably  to  every  heightening  or  lowering  of  the 
sound,  68.  There  is  a  correspondence  between  the  apertures  of  the  mouth,  palate, 
and  glottis,  in  speech  particularly,  70.  The  larynx  must  have  acquired  the  power 
of  beginning  the  sonorous  modification  at  any  point  whatever,  and  of  determining  it 
whithersoever  and  in  whatsoever  quantity  it  pleases,  either  through  the  labial  orifice, 
or  through  the  nares  ;  also  of  stopping  it  suddenly  in  midway,  suspending  it,  and 
thus  breaking  it  articulately,  introducing  pauses,  taking  it  up  again,  continuing  and 
limiting  it,  according  to  the  articulations  and  breathing  times  in  speech,  70,  71,  72, 
73,  75.  In  order  that  the  power  of  performing  these  offices  may  subsist  in  perpetual 
integrity  in  its  organic  parts  and  membranes,  the  larynx  must  renovate  diem  in  such 
manner  and  measure  as  use  demands,  with  an  nnfiMling  spring  of  the  most  suitable 
humor,  77.  The  larynx  subserves  the  pharynx  in  the  office  of  eating,  82.  By  the 
disposition  of  the  epiglottis,  ibid.  By  securing  the  glottis,  83.  By  reducing  the 
glottis  to  a  mere  fissure,  and  unlocking  the  sphincter  of  the  pharynx,  84. 

Leasts  :  see  Atmosphere,  Fibre,  Farm,  Lher,  Lunge,  Motion,  Organ,  Suction, 
The  stomach  consists  of  lesser  and  least  stomachs,  exercising  more  perfect  and  uni- 
versal offices  dian  the  large  stomach  itself,  131.  The  universe  is  only  the  sum  of 
infinite  similar  leasts,  173.  When  the  vessels  are  in  their  leasts,  they  perform  their 
play  with  the  most  perfect  distinctness,  283.  The  least  glands  of  the  body  are  the 
principles  of  all  operations ;  and  also  the  ends ;  and  tiierefore  resemble  centres,  286. 
The  lungs  derive  their  nature  fh>m  their  centres,  or  leasts,  II.,  195.  The  least  vessels 
in  the  lungs  govern  the  larger,  197,  Everything  in  the  visible  world  has  its  determi- 
nate maximum  and  minimum,  and  proceeds  firom  its  ?««yi?iimn»  to  its  minimum,  and 
vice  vereA,  469.  The  viscera  educe  from  their  leasts  their  power  of  operating,  475. 
The  greatest  is  represented  in  the  least,  and  vice  vereA,  476.  The  least  fibres  that 
engender  each  papilla  of  the  skin  are  what  give  it  essence  and  potency  as  a  compound, 
548. 

LiFB,  in  its  essential  form,  is  not  predicable  of  the  body  and  the  blood,  but  only 
of  the  soul  and  the  spirit,  204.  Did  we  not  live  our  life  in  single  parts,  consequently 
in  the  single  individualities  of  die  blood,  we  could  not  possibly  live  in  the  whole,  or 
general  congeries  of  the  parts,  II.,  192.  See  General,  We  are  only  instruments 
or  organs  of  one  life,  from  which  one  intrumental  cause  flows  into  another,  319. 
The  progression  of  life  from  infancy  to  adult  age,  or  from  sensations  to  ideas,  next 
to  higher  or  imaginative  ideas,  and  then  to  intellectual  ideas,  343.  The  ends  of  the 
inversion  of  the  order  of  life,  361.  The  proximate  ends,  ibid.  The  remote  ends, 
VOL.  II.  V  V 
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364.  The  ultimate  end,  366.  There  are  three  common  fonntainB  of  life,  the  brain, 
the  longs,  and  the  heart,  429. 

Lips,  the,  described  by  Heister,  59.  By  Winslow,  65.  Authors  to  be  con- 
sulted respecting,  69.  The  passage  from  the  lips  to  the  intestines  is  partitioned  by 
seren  doors,  70.  The  lips  commence,  and  conspire  with,  die  offices  of  the  tongue ; 
and  enable  the  face  to  express  the  affections  of  the  cerebrum,  71,  72,  74. 

LivEB,  the,  described  by  Heister,  253.  By  Winslow,  256.  Particulars  respect- 
ing,  from  Malpighi,  261.  Comparative  anatomy  of,  from  Swammerdam,  262. 
Authors  to  be  consulted  respecting,  263.  It  is  the  general  purificatory  and  defeca- 
tory of  the  chyle,  the  blood,  and  the  serum,  266,  277,  Its  functions  are  the  comple- 
ment of  those  of  the  other  abdominal  viscera,  ibid.,  277.  Its  operations  may  be 
termed,  perpetual  chylification,  269.  It  receives  the  crude  chyle  and  impure  blood, 
and  mixes  them  together,  278.  See  Chyle.  The  glands  of  the  liver  are  so  many 
least  livers,  280,  286.  They  are  the  centres  and  meeting-places  of  the  abdominal 
viscera,  282.  The  relative  position  of  the  hepatic  vessels  in  them,  what,  ibid.  Hie 
ramifications  of  the  vena  portse  probably  serve  these  glands  as  a  basis  and  wall,  283. 
The  hepatic  artery  necessary  for  the  defecation  of  the  chyle  and  die  lustration  of  die 
blood  in  the  liver,  284.  It  does  not  primarily  nourish  die  liver,  285.  Hie  litde 
capsule  of  each  hepatic  gland  is  permeable,  ibid.  There  is  an  alternate  expansion 
and  contraction  of  all  the  constituents  of  the  liver,  286.  The  hepatic  duct,  and  die 
stomach  and  intestines,  exert  a  similar  elaboration  and  action  on  the  chyle,  289. 
The  cellular  tissue  of  the  liver  is  a  most  multiple  prolongation  of  the  capsule  of 
Glisson,  and  external  membrane,  290.  The  biliary  passages  work  and  treat  the 
chyle  just  as  the  stomach  and  intestines  do  the  food  ;  and  divide  and  lay  open  die 
antiquated  blood,  and  marry  it  to  the  chyle,  ibid.  The  hepatic  veins  pass  at  right 
angles  into  the  branches  of  the  vena  cava,  because  the  sphere  of  the  liver  there  ends, 
and  that  of  the  heart  begins,  291.  Powers  and  forces  are  almost  redundandy  luxu- 
riant in  it,  293.  All  its  parts  conspire  to  one  course  of  action,  ibid.  It  expands 
and  contracts  synchronously  with  the  lungs,  giving  rise  to  an  incitation  of  all  its 
parts,  294.  They  are  also  invited  to  the  same  movements,  295.  All  the  actions  of 
the  liver  proceed  so  tranquilly  that  scarcely  any  motion  is  perceptible,  ibid.  The 
hepatic  dact  is  analogous  to  the  small  intestines  ;  the  gall-bladder,  to  the  large,  301. 
See  Bloody  Pancreag.  The  liver  corrects  the  hard  blood,  and  refines  the  chyle  and 
inaugurates  it  into  the  blood,  355.  It  demands  back  the  embodiment  of  the  blood, 
from  the  omentum  particularly,  390.     See  OalUbladder, 

Lungs.  All  the  viscera  of  the  abdomen  are  under  the  government  of  the  lungs, 
107.  The  motions  of  the  lungs  pour  forth  into  all  points  of  the  body,  as  do  the 
lungs  themselves  by  the  pulmonary  pipes  in  insects,  156.  See  Heart.  The  lungs 
provide  the  members  with  a  universal  motion,  337.  We  contemplate  all  parts  of 
the  lungs  in  the  trachea,  as  the  smallest  effigy  in  the  largest,  II.,  93.  Description  of 
the  lungs  by  Heister,  121.  By  Winslow,  124.  Their  structure  described  by  Mal- 
pighi, 128.  Particulars  respecting  them  by  Morgagni,  132.  Comparative  anatomy 
of  them  from  Swammerdam,  133.  The  natural  state  of  the  lungs  is  a  state  of  con- 
traction 143,  145,  147.  Not  only  do  the  lungs  themselves  respire,  but  they  also 
cause  the  whole  organic  system  to  respire  along  with  them,  150.  They  cause  all  the 
viscera  to  operate  in  accordance  to  their  nature  and  structure,  inspiring  force  into 
potency,  152.  They  are  the  very  gjrmnasia  of  the  exercises,  effects,  and  uses  corre- 
sponding to  die  ends  or  intuitions  of  the  soul,  153.  What  the  pulsations  of  the 
arteries  and  the  respirations  of  the  lungs  respectively  contribute  to  the  excitation  of 
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the  organs,  ibid. ;  and  II.,  461.  The  longs  extend  their  motive  action  to  the  heart 
and  arteries,  I.,  155.  The  corporeal  life  is  the  resnlt  of  the  union  of  the  blood  of 
the  heart  witii  the  spirit  of  the  longs,  156.  Their  respiration  extends  to  the  cere- 
brom,  and  associates  itself  with  its  animations,  157,  336.  The  longs,  the  brains,  and 
the  spinal  cord  perform  synchronoos  movements,  and  why,  ibid.,  and  336.  The  longs 
conspire  in  the  way  of  general  assistance,  to  all  the  motions,  effects,  and  actions  of 
the  body,  common  and  particolar,  natoral  and  volontary,  159.  How  they  accommo- 
date themselves,  by  infinitely  varying  states,  to  the  varieties  of  action,  161.  The 
external  mosdes  alone  are  made  ose  of  to  indoce  opon  the  longs  the  varioos  states  of 
respiration,  ibid.  The  longs  can  dispense  the  air  to  every  form  of  action,  163.  The 
air  is  sommoned  from  one  lobole  into  another  according  to  every  reqoirement  *,  so 
that  die  cavity  of  the  chest  may  be  disposed  variously  to  a  single  action,  while  the 
quantity  of  air  remains  the  samej  ibid.  Doring  the  waking  state  the  longs  associate 
and  marry  the  volontary  motive  life  originating  from  the  cerebrom,  with  the  natoral 
motive  life  flowing  from  the  cerebellom,  164,  339.  They  soperadd  to  actions  some- 
what of  their  own  powers  and  properties,  and  inspire  them  with  a  kind  of  fire,  167, 
168,  339.  They  concor  with  the  trachea,  the  larynx,  and  the  palate,  to  prodoce, 
exalt,  and  regolate  the  soonds  of  singing  and  speech,  168.  See  Sotmd  and  Speech, 
Hie  brains  and  the  longs  concor  with  onanimoos  spirit  to  prodoce  every  effect  in  the 
body ;  and  are  so  absolotely  united,  that  when  the  one  moves  the  other  moves,  and 
when  the  one  stops  the  other  stops,  173.  The  lungs  initiate  the  sensoal  life  of  the 
body,  ibid.  They  are  the  general  colatories  of  the  blood,  and  evaporatories  of  its 
sweats,  177.  They  do  not  really  porify  the  blood,  hot  only  correct  its  serom,  183. 
Analogy  between  their  office  and  that  of  the  kidneys,  ibid.  They  are  the  refectories 
of  the  blood,  the  preparatories  that  change  it  from  venoos  to  arterial,  and  the  lostra- 
tories  of  the  air,  186.  See  Atmotpkere,  They  are  the  appendages  and  prodoctions 
of  the  heart,  and  not  vice  vertA^  193.  In  the  polmonic  field  of  leasts,  or  the  vesicles, 
reside  the  essential  pneomonic  power  and  natore,  as  well  as  the  drcolatory  power 
that  propels  the  blood  in  the  longs,  195,  237.  The  interlobular  cells  of  the  longs 
widi  their  vascolar  rete  are  always  in  a  state  of  expansion  as  well  as  of  contraction ; 
one  half  of  them  constantly  alternating  throogh  these  states  with  the  other  half,  196. 
Effects  of  this  upon  the  puhnonary  circulation,  197.  See  Leaets.  The  pulmonary 
vessels  are  completely  beyond  the  sphere  of  the  heart's  activity,  and  undergo  their 
systole  and  diastole  synchronously  with  the  movements  of  the  respiration,  197. 
Likewise  the  rete  mirabile,  198.  Attraction  of  the  blood  by  the  rete  mirabile,  illus- 
trated, ibid.  See  Bronchial  Artery f  Reepiratum,  The  longs  manifest  what  the 
brains  conceal,  211.  After  the  longs  are  opened  all  action  is  inverted,  or  proceeds 
ftx>m  widioot  to  within,  227,  262.  See  AnimatioHf  Brain,  Heart,  External  caoses 
actoate  both  the  hmgs  and  heart  to  perform  their  reciprocations,  237.  The  longs 
draw  forth  the  spirit  throogh  the  nerves  into  the  whole  corporeal  system,  239,  338. 
When  the  order  of  life  is  inverted  at  birth,  the  longs  perform  a  mediatorial  office  be- 
tween the  sool  and  the  body,  and  thos  prevent  the  fabrics  from  being  mined  in  the 
revolotion,  336.  They  live  and  act  entirely  onder  the  cerebrom,  339.  They  in  no 
respect  distorb  the  movements  of  the  heart,  ibid.  The  heart  and  brain  are  concentred, 
by  means  of  their  external  coats,  in  the  innermost  parts  of  the  longs,  and  thos  ac- 
knowledge the  longs  as  mediators  between  the  operations  of  both,  341.  The  homor 
in  the  cells  of  the  longs  performs  the  offices  of  a  vdiicle  and  menstroom,  and  how, 
proved,  506.    The  three  offices  of  the  longs,  511. 

Ltmph,  the,  is  the  true  porer  blood,  219.     Its  natore  is  shewn  by  its  vesseb. 
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ibid.  It  and  tiie  diyle  require  bnt  a  iligbt  force  to  impel  them,  220.  It  ia  the  link 
between  the  diyle  and  the  spirit,  ibid.  It  is  a  kind  of  ultimate  salirm,  and  digesb 
the  chyle  as  the  common  salira  digests  the  food,  ibid.  It  inangoratea  the  chyle  into 
the  blood,  221.  Its  return  into  the  blood  is  always  attended  widi  an  acquisition  of 
new  chyle  and  new  spirit,  273.  The  lymph  thrown  out  rises  to  the  snrfiioe  of  the 
▼iscera,  and  is  there  first  taken  np  by  the  lymphatics,  289. 

Lymphatic  Glands  of  the  mouth  and  neck,  described  by  Winslow,  68. 

Ltmphatics,  the,  described  by  Heister,  211.  See  Blood,  Cellular  Coat,  Infim- 
dibulum.  Pancreas.  The  cellular  tissue  is  the  emporium  of  the  lymphatics,  289. 
Hie  lymphatics  demand  back  the  spirituous  parts  and  Taluable  essences  of  thii^, 
and  restore  them  to  the  blood,  448. 

Magnetism,  a  kind  of,  pervades  the  worid,  215. 

Malpighi,  his  opinion,  tiiat  somewhat  of  the  subtler  food  is  sacked  up  by  die 
minute  pi^illse  of  the  tongue,  40.     Se^Fortius, 

Man  is  bom  in  dense  ignorance,  7. 

Means,    lliere  is  a  kind  of  chain  and  circle  of  means,  240 ;  II.,  361. 

Mediastinum,  the,  described  by  Heister,  II.,  212.  It  is  probably  a  leserroir 
for  humors,  278. 

Member,  erory,  can  imbibe  all  it  wants  from  the  common  lake,  102,  208,  241. 
See  Olandi,  Meeeniery.  No  member  puts  forth  all  its  forces  on  centigooas  and 
continuous  members,  107 ;  II.,  339,  340.  This  law  prerails  in  tiie  minutest  parts, 
I.,  107.  Each  articulation  of  the  intestines  has  its  own  sphere  of  activity,  163. 
The  nature  of  every  member,  and  the  part  it  plays,  can  be  kamt  only  from  ^e 
whole,  and  from  its  connexion  with  tiie  whole,  267,  297,  310.  The  more  univenal 
the  cause,  the  more  members  concur  to  it,  311,  314.  Whatever  the  members  desire 
or  demand  ftx>m  the  universal  mass  of  the  blood,  is  accorded  to  tiiem,  337,  341  ; 
II.,  289.  Likewise  whatever  the  parts  of  the  members  require,  as  the  glands,  and 
the  vessels  and  fibres,  I.,  338.  All  members  that  are  covered  by  a  loose  sac,  are 
surrounded  by  a  peculiar  humor,  386.  Illustrated  by  machines,  387.  Members, 
viscera,  and  organs,  mean  distinct  things,  488. 

Membrane  :  see  Diaphragm,  Peritonaum,  Pleura,  TYmgue.  Hie  membranes 
of  the  body  specified,  486.  Each  communicates  with  die  others  in  proportion  as 
the  organs  they  enclose  are  dignified  in  office  and  act  in  society,  ibid.  Each  makes 
common,  special,  and  particular  cause  with  the  viscera  and  members  that  it  em- 
braces, ibid.,  493.  The  common  covering  produces  itself  in  order  into  all  its 
viscera,  and  their  parts,  and  parts  of  parts ;  and  why,  494.     See  Organic  Forms, 

Memory  is  die  treasure  of  the  stores  of  experience,  II,  349.  Bodi  experience 
and  the  sciences  are  matters  of  the  memory,  353. 

Mesentery,  the,  described  by  Heister,  186.  By  Winslow,  188.  Its  glands, 
189.  Authors  to  be  consulted  respecting,  191.  By  all  their  gyres  the  intestines 
respect  the  orbit  or  plane  of  the  mesentery  and  mesocolon,  195.  The  mesentery  is 
distinct  from  the  mesocolon  because  the  motions  of  the  large  and  small  intestines  are 
reciprocal,  195.  Hirough  the  mesentery  the  intestines  respect  the  receptaculum 
diyli  as  the  centre  of  a  circle,  195.  The  powers  that  transfer  die  chyle  from  the 
circumference  of  the  intestines,  belong  to  the  mesentery ;  and  are  general,  specific, 
particular,  and  individual,  198.  The  mesentery  expands  and  contracts  synchro- 
nously with  the  lungs,  stomach,  and  intestines,  198.  This  gives  rise  to  a  physical 
attraction  of  the  chyle  and  lymph,  199.  The  blood-vessels  enter  the  mesentory  by 
an  opposite  way  to  the  nervous  fibres,  201.    The  plexuses  of  the  abdoininal  viscera 
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respect  tiiat  of  the  mesenterj  as  their  principal  and  central  plexus,  200.  Not  a 
fibre  from  the  cerebrum  enters  the  mesentery,  and  why,  205.  "Die  fibres  in  the 
mesentery  represent  the  states  of  their  principles  in  the  brains,  and  exercise  longing, 
loathing,  &c.,  206.  See  Fibre,  The  glands  in  the  mesentery  can  imbibe  their 
milk  firom  the  common  lake,  and  from  all  the  streams  at  once,  208. 

Microcosm  :  see  Gravity,  The  microcosm  imitates  the  macrocosm  in  all  its 
properties,  134,  173.  Tliere  are  innumerable  microcosms  in  the  macrocosm,  193. 
The  body  is  exempt  firom  the  laws  and  power  of  the  macrocosm,  193 ;  II.,  12,  382. 
A  mixed  action  of  the  microcosm  and  macrocosm  commences  in  the  bladder  and 
rectom,  I.,  474.  Man,  as  well  as  every  individnal  living  subject,  is  a  microcosm, 
II.,  382.  What  the  microcosm  derives  firom  the  great  world,  and  what  from  itself, 
383.     Analogy  between  the  microcosm  and  the  macroscosm,  383,  392,  444. 

Modification,  doctrine  of,  10,  11.  Its  universality  and  importance  in  nature, 
II.,  49.  We  cannot  be  instructed  respecting  it  better  than  by  nature  herself  in  the 
animal  kingdom,  50.  In  order  to  learn  the  nature  of  modifications  a  pofteriori, 
we  have  only  to  study  the  lungs,   140. 

Moral.  The  existence  of  the  moral  sphere  supposes  tiiat  of  the  natural  and 
the  spiritual,  consequently,  of  the  rational,  II.,  363. 

Motion.  In  all  parts  of  the  body  diere  are  particular,  special,  and  general 
motions,  217.  The  form  of  motion,  what,  ibid.  In  every  member  intended  for 
motion  there  is  throughout  a  relation  of  circumference,  axes,  and  centre,  432.  In 
die  kidneys  the  confluence  of  infinite  little  motions  produces  a  single  and  general 
motion,  433.  The  division  of  viscera  into  lobes  is  an  evident  sign  of  motion,  434. 
See  Sense,  The  natural  and  preternatural  motions  of  the  viscera,  500 ;  II.,  112. 
The  motions  of  the  body  are  natural,  voluntary,  and  mixed,  ibid.  There  are  three 
general  sources  of  motion,  viz.,  the  animation  of  the  brain,  the  systole  and  dias- 
tole of  the  heart,  and  the  respiration  of  the  lungs,  138.  Tlie  motions  of  the  heart 
and  arteries  only  give  existence  and  life  in  poteney ;  those  of  the  brain  and  lungs 
give  life  in  act,  139.  Motion  and  connexion  of  parts  are  exact  correlatives,  226. 
The  determination  of  substances  involves  a  corresponding  determination  of  accidents 
and  motions,  ibid.  In  reality  the  only  universal  motions  are  those  of  the  brains 
and  heart,  242.     See  SuMance, 

Mouth  and  Fauces,  comparative  anatomy  of,  firom  Swammerdam,  68.  The 
varieties  in  shape  and  size  produced  in  the  mouth  by  die  muscles,  73.  Necessity  of 
the  mouth  as  the  moveable  centre  of  the  fieioe,  75.  The  parietes  of  the  mouth  eat 
and  drink  the  purer  extracts  of  the  food,  and  the  saliva,  84. 

Musclbs,  the  voluntary,  require  a  more  dean  and  agile  blood  than  the  viscera, 
and  why,  350.  The  moving  fibres  are  the  active  forces  of  the  body,  of  which  the 
tendinous  fibres  are  the  ultimate  determinations,  II.,  319.  "Die  cause  of  muscular 
motion  is  to  be  sought  in  the  conflicting  actions  of  the  blood  upon  the  vessels  and  of 
the  spirit  upon  the  fibres,  445. 

Music.  All  the  instruments  of  voice  suffer  themselves  to  be  influenced  by  the 
inmost  principles  of  music,  77.     See  Larynx, 

Narbs  :  see  Noee, 

Nature  persists  constandy  in  her  measures  and  degrees,  48.  Nature  and  the 
will  have  their  separate  departments,  51 ;  II.,  148.  Nature  develops  all  the  re- 
sources of  art  and  science  from  their  innermost  grounds  and  principles,  I.,  123.  She 
advances  progressively  in  all  her  operations,  132.  She  never  takes  the  most  trifling 
step,  except  in  order,  according  to  laws,  and  for  an  end,  168,  342,  378.     Every 
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particle  has  an  order  and  nature  of  its  own,  193.  In  the  animal  kingdom,  the 
empire  is  divided  between  natore  and  the  intellect,  205.  Nature  is  almost  uniTersally 
occupied  in  preparing  series  of  menstrua,  more  and  more  universal,  to  prolong  the 
life  of  the  body,  235.  Nature  continually  reduces  her  universes  to  a  kind  of  chaos, 
that  she  may  select  all  things  therefrom,  and  distribute  them  in  their  places,  279  ; 
II.,  176,  342.  In  the  animal  kingdom  the  word  nature  signifies  all  that  principle 
which  acts  in  the  cause,  I.,  377.  See  Soul,  Whenever  nature  is  mentioned,  the 
soul  is  meant  thereby,  398.  Nature  makes  use  of  various  means  to  recall  detached 
parts  to  their  general,  501.  She  is  the  mistress  of  all  arts  and  sciences,  and  the 
principle  of  all  minds  and  fumlties,  502.  There  is  perpetual  contention  between 
nature  and  the  will,  II„  56.  Nature's  perfection  consists  in  influencing  and  inspir- 
ing every  particular  with  a  common  spirit,  and  making  one  thing  satisfy  the  neces- 
sities of  many,  80,  105.  Whatever  proceeds  in  consecutive  order  from  prior  to 
posterior,  flows  according  to  nature's  stream,  but  what  proceeds  from  posterior  to 
prior,  too  often  goes  contrary  to  nature,  103,  262.  All  activity  resulting  from  the 
will  tends  to  disturb  the  natural  position  and  connexion  of  parts,  and  nature  is 
obliged  alternately  to  take  the  reins  from  tiie  will,  and  restore  them,  149,  165,  166. 
Hie  will  acts  from  without  to  within,  but  nature  from  within  to  without,  161,  165, 
209.  The  force  of  nature  decreases  as  that  of  the  will  increases,  and  trice  vertA, 
209.  Nature  is  perpetual  in  her  measures,  proportions,  and  rules,  and  her  govern- 
ment lies  in  equilibrium  and  equation,  281.  That  which  must  be  accounted  preter- 
natural in  natural  life,  may  be  natural  in  the  preternatural  life  that  we  live  at  this 
day,  282.  Nature  and  the  will  flow  wonderfully  into  each  oUier  as  it  were  in  gyres, 
455.    The  absurdity  of  attributing  life  to  nature,  554. 

Nerves.  The  importance  of  rational  neurology,  44.  The  fifth  nerve  comes 
chiefly  firom  the  cerebrum,  and  is  distributed  to  tiie  sensoria  of  the  body ;  the  eightii, 
from  the  cerebellum,  and  belongs  to  nature,  and  not  to  the  will,  or  consciousness, 
50,  51.  The  nerves  of  tiie  cerebellum  are  nerves  of  nature  ;  those  of  the  cerebrum, 
nerves  of  the  will,  II.,  108.  See  Diaphragm,  The  action  of  the  phrenic  nerves 
does  not  proceed  from  the  expansion  and  constriction  of  the  spinal  marrow,  but  of 
the  lungs,  and  why,  313. 

Nose,  the,  described  by  Heister,  II.,  1.  By  Winslow,  5.  Authors  to  be 
consulted  respecting,  8.  The  nares  open  the  way,  and  allow  the  lungs  the  possi- 
bility of  respiring,  11.  They  temper  with  a  gentle  warmth  the  air  which  is  entering, 
12.  They  impregnate  with  a  dewy  vapor  tiie  air  that  is  departing,  14.  Thej  cleanse 
and  purify  the  air  from  floating  particles  of  dust  and  noxious  exhalations,  ibid. 
They  anticipate  by  the  sense  of  smell  what  the  atmosphere  of  the  circumambient 
world  carries  in  its  bosom,  15.  By  a  kind  of  unison,  they  regulate  the  articulate 
sounds  of  speech,  and  to  a  certain  degree,  as  it  were  by  suocenturiate  alae,  conspire 
to  modify  words  themselves,  21.  They  clear  away  the  viscid  phlegm  from  the 
arteries,  in  order  that  a  pure  and  dean  blood  may  ascend  to  the  sensoria  of  the 
cerebrum,  and  to  the  otiier  sensoria  of  the  head,  ibid.  Tlie  nose  is  the  common 
emunctory  and  purificatory  of  this  blood,  the  salivary  glands  being  only  subordinate 
emunctories,  23.  Tlie  power  of  the  excitative  and  attractive  causes  in  the  nose 
proves  the  gross  nature  of  the  excretions  it  witiidraws  from  the  blood,  ibid.  The 
nares  derive  from  the  eye  and  ear,  from  the  meduUary  and  cortical  portions  of  the  cere- 
brum, from  its  membranes,  and  from  the  sinuses  of  the  cranium,  the  ichorous  streams 
that  threaten  inundation,  23,  24,  25.  By  an  extrinsically  impulsive  force,  they  ex- 
cite the  cerebrum  to  reciprocal  animations  synchronous  with  the  respirations  of  the 
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hmgs,  30.  Why  man  has  the  power  of  respiring  through  the  mouth  as  well  as 
through  the  nose,  31.  Like  a  cynosure,  the  nares  terminate  and  complete  the 
common  axis  of  the  hemispheres  of  the  cerebrum  and  its  parts,  and  of  the  cranial 
bones ;  and  institute  and  begin  the  common  axis  that  runs  from  thence  into  the 
thorax,  and  also  that  which  runs  into  the  abdomen,  32,  33.  From  the  ultimate 
boundary  of  this  axis,  the  nares  transcribe  the  cerebrum  into  the  face,  and  give  it 
the  power  of  picturing  its  affections  upon  the  surface  or  oountenance  thereof,  34. 
See  Centre.    Hie  nose  often  indicates  the  character  of  the  animal  mind,  35. 

Nutrition  is  primarily  owing  to  the  fibres,  and  not  to  the  yessels,  285. 

(EsoPBAOUs,  the,  described  by  Heister,  86.  By  Winslow,  91.  Comparative 
anatomy  of,  from  Swammerdam,  91.  Authors  to  be  consulted  respecting,  92.  It 
acts  successively,  from  point  to  point,  like  the  tongue,  98.  It  is  divisible  into  two 
tubes,  one  inside  the  other,  98.  It  summons  salivas  from  every  province  of  the  head 
and  chest,  99.  It  receives  them  first  in  its  cellular  coat,  101.  It  supplies  them  to 
the  stomach  both  in  such  quantity  and  of  such  quality,  as  the  food,  tiie  stomach,  the 
chyle,  and  the  blood  require,  ibid.  It  eructates  the  air,  103.  It  unites  the  lowest 
things  with  the  highest,  ibid.  As  it  connects  the  substances  of  parts,  so  it  connects 
their  forces,  105.  It  transmits  the  pulmonic  motions  through  the  stomach  and  all 
the  viscera  subjacent  and  appended  to  it,  105.  It  is  introduced  into  these  motions 
from  head  to  foot,  106.  Its  inconstant  motions  during  eating  soon  die  away  into  the 
pulmonic  motions,  107.  The  oesophagus  lives  by  the  breath  of  the  trachea;  the 
trachea,  by  the  food  of  the  oesophagus,  108.  Friendship  between  the  carotid  arte- 
ries, jugular  veins,  and  oesophagus,  ibid.    See  AanSf  Centre,  Diaphragm,  Trachea, 

Officbs.  From  the  organic  fabrics  we  may  conclude  with  certainty  respecting 
the  offices  that  are  performed,  II.,  524. 

Ombntvm,  the,  described  by  Heister,  363.  By  Winslow,  365.  By  Malpighi, 
367.  Authors  to  be  consulted  respecting,  370.  It  is  the  storehouse  of  the  better 
parts  of  the  blood,  375.  Conditions  necessary  for  this  purpose,  376.  The  circle  of 
uses  is  represented  in  the  omentum,  378,  380.  It  deposits  the  exuberant  portion  of 
the  blood  in  its  cells  under  the  form  of  feX,  380.  It  is  a  diverticulum  to  the  blood, 
381.  See  Blood,  It  is  a  balance  equilibrating  the  quantity  and  quality  of  blood  in 
the  abdominal  viscera,  384.  It  covers  and  connects  its  viscera ;  defends  them  against 
heat  and  cold,  injurious  vapors,  and  various  impulses,  384.  It  exhales  a  rank 
moisture,  to  anoint  them,  and  prevent  them  from  falling  into  atrophy  and  lethargy, 
385.     See  Fat,  Lher,  Spleen. 

Order.  Those  organs  that  are  superior  in  situation,  are  also  superior  in  forces, 
power,  dignity  of  office,  and  use,  462.  Similar  is  the  order  of  the  parts  in  the 
organs,  and  of  the  unities  in  the  parts,  463.  The  circumstance  that  one  thing  fol- 
lows and  opens  another,  originates  from  order  alone,  II.,  369.     See  Body, 

Organ  :  see  Member,  Vuctu.  The  anatomy  of  one  organ  is  not  sufficient  to 
indicate  its  nature  ;  we  must  learn  the  nature  of  each  organ  also  from  all  that  are 
connected  with  it,  and  that  succeed  it,  34.  The  anatomy  of  the  whole  body  indicates 
the  nature  of  each  organ,  ibid.  All  the  organs  are  composed  of  least  organs  similar 
to  themselves,  37.  Each  organ  of  the  body  has  its  appointed  limits,  95,  107.  E^h 
derives  its  organization  and  power  of  action  from  the  very  nature  of  its  office,  340. 
Every  organ,  viscus,  and  member  is  so  formed,  as  to  assume  and  undergo  infinite 
changes  of  state,  and  yet  to  subsist  and  remain  constantly  in  integrity  with  respect  to 
its  essence,  455.  See  Spiral,  The  more  numerous  the  states  into  which  any  organ 
can  change,  and  the  greater  the  subordination  wherewith  the  general  states  correspond 
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to  the  individaali  the  more  perfect  such  orgtn  is,  456.    Hie  law  by  which  one  organ 
is  assisted  by  others,  II.,  111. 

Oroanic  Forms.  In  order  to  the  existence  of  a  sensorinm  that  can  q)prehend 
the  several  Tarieties  of  an  object  with  their  differences  and  distinctions,  the  fibres 
must  be  disposed  into  an  organic  form.  For  the  fibres  are  pnt  together  and  the  form 
conodred  with  reference  to  every  kind  of  variety  and  idea  of  nse ;  as  the  papillary 
form  with  reference  to  touch,  II.,  463.  In  general,  the  organic  forms  of  the  body, 
whether  they  be  sensoria,  or  muscles,  or  viscera,  are  perfect  in  proportion  to  the 
simplicity  of  the  forms  or  ideas  that  they  commence  firom,  and  whidi  are  their 
unities,  465.  The  unities  of  organs  associate  together  mutually,  and  the  associations 
so  formed,  again  combine  :  thus  unities  generally  ascend  to  the  third  series  or  dimen- 
sion of  composition  before  they  complete  their  determinations,  468.  Hiese  series, 
or  bodies  of  trine  dimension,  viscera,  members  or  organs,  are  at  the  same  time 
conjoined  by  bonds ;  the  unities  tiiemselves,  by  theirs ;  the  series  proximately  derived 
from  the  unities,  by  Iheirs ;  finally  the  composition  itself,  or  the  whole ;  which  is 
covered  with  a  coat,  as  the  bond  of  all,  or  the  common  bond,  from  which  the  little 
coats  and  bonds  of  ihe  other  parts  proceed,  whereby  tiie  parts  are  bound  to  the 
common  service,  and  live  in  a  harmcmious  division  of  labor,  471.  Nevertheless, 
organic  forms  are  perfect,  in  proportion  as  the  several  parts  that  essentially  enter 
and  compose  the  form,  are  placed  distinctly  with  respect  to  each  other ;  .but  yet 
concur  unanimously  to  produce  common  effects  and  uses,  473.  Organic  forms  again 
'are  perfect  in  proportion  as  their  unities  and  compounds  stand  related  to  a  similar 
type,  and  shew  themselves  to  be  of  one  genus,  in  their  power  and  manner  of  acting. 
Also  in  proportion  as  ihs  parts  of  the  same  organ  are  specifically  distinguished  firom 
their  companions  by  differences  and  variety,  and  at  the  same  time  are  conjoined  with 
them  in  fitting  harmony,  474.  The  sensoria,  motoria,  viscera,  in  a  word,  the 
organs  and  members  of  the  body,  and  their  parts,  are  perfect  in  proportion  to  the 
promptitude  and  ease  with  which  they  can  change  their  states,  and  after  change, 
recover  their  pristine  natural  state,  and  preserve  it  unimpaired,  478.  See  Change. 
Unities  are  the  centres  of  their  viscus  or  organ ;  and  they  are  the  beginnings  and  ends 
of  its  determinations ;  also  the  first  forces  and  efficient  causes  of  its  effects,  and  deter- 
minant causes  of  its  uses,  so  fieur  as  they  are  uses  :  but  the  reason  why  the  unity  is 
such  a  cause,  is  contained  in  its  form,  482.  Unities  and  continuations  of  unities 
are  the  essential  determinations  that  construct  the  form  of  ihe  whole,  or  the  common 
form;  but  fibres  witii  vessels  are  the  essential  determinations  tl)at  construct  the 
forms  of  the  unities,  or  the  particular  forms,  486.  The  little  canals  and  tiie  branches 
that  flow  into  the  least  glands  as  into  their  centres,  make  their  end  and  last  boundary 
therein ;  but  those  that  flow  out  from  them,  as  frtnn  thdr  centres,  make  their  begin- 
ning or  first  boundary  therein  :  the  former  are  the  active  forces  of  their  body ;  the 
latter,  tiie  passive  forces  ;  which  two  kinds  of  forces  in  conjunction  generate  and  pro- 
duce the  organic  fabric,  490.  Hence  determinations  and  fluxions  proceed  firom  the 
outermost  sphere  to  the  innermost,  and  frx>m  the  innermost  to  the  outermost ;  or 
what  amoimts  to  the  same  thing,  from  the  greatest  to  the  least,  and  firom  the  least  to 
the  greatest,  or  firom  compounds  to  simples,  and  from  simples  to  compounds,  493. 
The  proper  vessels  of  the  organs  and  viscera,  that  go  out  frt>m  them,  bear  in  every 
point  of  them  exactly  the  same  character  and  nature  as  the  unities  from  which  they 
are  produced ;  and  carry  out  with  them,  wherever  they  go,  this  character  and  nature 
received  from  their  imities,  as  principles ;  so  that  they  are  the  unities  continued. 
But  the  proper  vessels  that  enter  the  organs  and  viscera,   and  terminate  in  the 


Digitized  by  VjOOQ IC 


INDEX    OP   SUBJECTS.  638 

unitiefl  as  centres,  take  the  character  and  nature  at  once  of  the  compound  and  the 
nnitj :  thus  agahi  the  same,  becanae  compounds  and  unities,  as  similar  types,  re- 
semble eadi  other  in  their  manner  of  operation ;  or  mutually  repreaent  eadi  other, 
493,  494.  Hence  compounds  are  only  aggregates  of  simple  substances,  or  sums  of 
their  unities  put  together  upon  the  model  of  use,  498.  In  the  organie  fbhrlos  of  the 
body,  the  series  in  the  progression  of  causes  appears  tiiroughout  to  be  as  follows  : 
the  object  or  material  out  of  whidi  and  by  means  of  which  the  effoct  is  produced, 
comes  from  without ;  it  is  immediately  carried  away  by  distinct  paths  towards  the 
centres ;  and  at  the  same  time  is  collected  in  a  reeeptade,  that  the  centres  may  con- 
stantly supply  their  necessities  therefrom.  This  material  is  examined  and  prepared 
on  the  way  to  the  centres ;  it  is  then  received,  turned  about,  digested,  and  discrimi- 
nated into  parts,  by  the  centres ;  the  finer  portion  is  chosen  out,  and  sent  forth  for 
use ;  the  viler  portion  is  separated  or  secreted,  sent  away,  corrected  on  the  way  as  in 
the  centres ;  and  is  expended  upon  some  middle  use ;  lastly,  the  residue,  which  is 
worthless,  is  thrown  out.  This  is  the  ratio  of  all  composition,  ibid.  Exemplified  in 
the  liver,  499.  In  the  lungs,  502.  In  the  stomach,  511.  In  the  heart,  514.  In 
the  cerebrum,  517.  In  the  sensorial  and  motorial  office  thereof,  520.  Sudi  is  the 
influx  of  sensations  into  our  intellect ;  such  is  the  treatment  of  those  that  flow  in ; 
and  such  the  influx  of  the  will  into  actions :  or  if  influx  is  predicated  of  sensations, 
c^ux  must  be  predicated  respectively  of  actions,  522. 

Palats,  the  glands  of,  described  by  Heister,  62.  The  palate,  described  by 
"Winslow,  66.  The  palate  and  fkuces  are  modelled  to  the  tongue :  they  are  instru- 
mental causes ;  the  tongue,  their  principal  cause,  71,  76.  The  palate  and  tiie  tongue 
perform  a  conjugal  office  for  each  other,  77.  The  palate  and  lips  carry  sounds  for- 
ward, ibid. 

Pancrbas,  the,  described  by  Heister,  306.  By  Winslow,  307.  The  pancreatic 
juice,  described  by  Boerhaave,  308.  Authors  to  be  consulted  respectmg  the  pan- 
creas, 309.  It  is  the  link  between  the  spleen  and  the  liver,  313.  It  purifies  the 
blood  for  the  spleen,  and  draws  off  the  serum,  ibid.  As  an  intermediate  member,  it 
causes  the  action  and  sequence  of  effects,  and  the  subordination  of  efficient  causes,  to 
be  foil  and  perfect,  314.  When  the  pancreas  or  spleen  is  absent,  its  office  is  trans- 
ferred to  the  next  member  of  the  series,  315,  318,  321,  360.  The  pancreatic  glands 
are  the  parts  wherein  the  progression  of  its  series  ends,  and  from  which  it  begins, 
SI  7.  The  pancreas  is  the  model  of  the  conglomerate  glands  of  tiie  body,  because  its 
continuous  series  is  most  distinct,  316.  When  examined  in  series  with  its  fellow- 
members,  it  instructs  us  respecting  the  subordination  of  efficient  causes,  and  the  pro- 
duction of  effbcts,  317.  Relation  and  parallel  between  the  pancreas  and  the  spleen, 
ibid.  The  pancreas  is  the  mediate  purificatory  of  the  blood,  as  the  liver  is  the  ulti- 
mate purificatory,  318.  It  is  snppUed  with  blood  from  three  sources,  and  acts  in 
part  independently  of  the  spleen,  ibid.  It  is  destitute  of  lymphatics,  319.  It  trans- 
mits a  fiitty  and  unctuous  lymph  to  the  omentum,  320.  See  Lher,  Use  of  addi- 
tional pancreases,  321.  See  Blood.  Comparison  between  tiie  pancreas  and  liver,  in 
form,  operation,  and  use,  323.  The  tranquillity  of  its  operations,  324.  It  acts  by 
invitation,  indtation,  alternation,  and  reciprocation  ;  and  by  movements  synchronous 
with  those  of  the  lungs,  325.  The  pancreatic  juice  is  of  a  nobler  nature  and  use  than 
the  two  biles,  ibid.  like  tiiem  it  circulates,  ibid.  By  the  mixture  of  the  three,  a 
universal  salivary  menstruum  is  prepared,  326.  The  infinite  diversity  of  the  pan- 
creatic juice,  ibid.     It  is  both  a  salivary  and  a  biliary  menstruum,  327.    See  Spleen. 

Papill^b,  of  the  tongue :  see  Tongue.  Papillte  analogous  to  the  papillse  conic» 
VOL.  II.  X  X 
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are  found  on  the  internal  membranes  of  many  of  the  visoera,  50 ;  and  II.,  584. 
Their  source  and  mode  of  origin,  I.,  50.  In  the  intestines  they  perceive  the  nature 
of  the  liquids  driven  against  them,  and  act  as  guards,  surrounding  the  glands,  pores, 
and  foramina,  178.     See  Tatie,  Touch. 

Par  Vagum,  the,  conspires  to  tiie  same  motions  as  the  lungs,  106.  It  carries 
the  abdominal  viscera  into  these  motions  from  the  innermost,  106.  It  announces  all 
the  states  of  tiie  stomach,  and  their  changes,  immediately  to  the  soul,  138.  It  arises 
from  the  cerebellum,  205  ;  II.,  108,  147,  455.  The  reason  why  the  trunk  of  the 
par  vagum  dare  not  come  in  contact  with  the  trachea,  109.  How  and  why  it  passes 
through  the  diaphragm,  304. 

PARTicuLAa :  see  General.  We  are  instructed  in  the  liver  how  nature  distin- 
guishes particulars,  and  distributes  them  for  various  uses,  280.  Inexpediency  of 
heaping  up  too  many  particulars,  II.,  160. 

Fassiys  :  see  Active. 

Pelvis  :  there  are  as  many  centres  of  motion  as  pomts  of  the  pelvis,  473.  The 
most  tranquil  region  of  the  body  is  in  the  pelvis,  ibid. 

Pkricardium,  the,  described  by  Heister,  II.,  217.  ByWinslow,  218.  Sin- 
gular morbid  appearances  in,  described  by  Malpighi,  219.  Points  respecting,  from 
Lancisi,  220.  The  liquor  pericardii,  inversely  to  the  liquor  pleune,  flows  into  the 
cavity  from  the  cellular  surfiace,  284.  See  Pleura.  The  pericardium  constitutes  in 
the  chest  a  gyre  within  a  gyre,  and  the  internal  membrane  of  the  pleura  is  tiie  exter- 
nal membrane  of  the  pericardium  ;  hence  what  tends  outwards  in  the  pleura,  tends 
inwards  in  the  pericardium,  ibid.  The  determination  of  the  liquor  pericardii,  286. 
The  region  of  the  greatest  rest  of  the  pericardium  is  the  region  of  the  greatest  motion 
of  the  heart,  ibid. 

pBRiTONiBUM,  tiic,  described  by  Heister,  481.  By  Winslow,  482.  By  Ver- 
heyen,  484.  It  produces  itself  in  order  into  the  viscera  of  the  abdomen  and  their 
parts,  and  parts  of  parts,  494.  The  members  of  the  abdomen  are  bound  and 
guarded  by  the  peritonaeum  and  the  diaphragm,  closely  and  thoroughly  in  proportion 
to  their  dignity  of  office  and  useftilness  in  tiie  kingdom,  495.  In  proportion  as  any 
of  them  are  slightiy  confined  by  the  peritonaeum,  they  are  more  apt  to  rush  into  pre- 
ternatural motions,  and  more  difficult  to  recall  to  the  standard  of  nature,  500.  The 
peritonaeum  reduces  the  preternatural  motions  of  tiie  viscera  to  the  constant  natural 
motions,  ibid.  It  is  the  common  external  bond  of  the  viscera  of  tiie  abdomen,  and 
the  common  internal  bond  of  the  muscles,  cartilages,  and  bones  thereof,  502.  The 
peritonaeum  and  the  stomach  respect  each  other  mutually  as  the  circumference  and 
axis  of  a  wheel,  ibid.  It  is  a  general  centre  of  motion  to  its  viscera,  ibid.  It  is  the 
proximately  remote  general  bond  between  its  members  and  those  of  the  thorax :  and 
the  more  remote  general  bond  between  its  members  and  those  of  the  head,  ibid.  It 
sustains  the  motions  of  all  these  as  a  centre  of  motion,  503.  When  the  peritonaeum 
begins  to  be  slackened,  aU  the  operations  of  the  viscera  are  performed  imperfectiy, 
503.  See  General.  The  fluid  that  permeates  the  peritonaeum  comes  firom  the  ab- 
dominal viscera,  506.  It  circulates  through  the  whole  of  the  cellular  tissue,  507. 
It  never  escapes  from  the  cells  into  the  cavity  of  the  abdomen,  unless  tiie  membran- 
ous partitions  be  ruptured  by  over  distention,  ibid.  The  peritonaeum  absorbs  the 
fatty  vapor  with  which  the  cavity  of  tiie  abdomen  abounds,  508.  It  conveys  this 
serosity  to  the  kidneys,  and  in  the  foetus  to  the  renal  capsules,  ibid.  Hie  peritonaeum 
performs  movements  synchronous  with  those  of  the  lungs,  II.,  154.     See  Pleura. 

Perspiration  :  see  GUmde,  Skin,  Variety. 
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Phakynx,  the,  described  by  HeiBter,  86.  By  Winslow,  89.  Authors  to  be 
constilted  respecting,  92.  It  is  the  receiving  vessel  of  the  palate,  and  the  head  of  the 
oesophagus,  94.  It  is  both  active  and  passive,  ibid.  Its  sphere  of  action  begins 
from  its  linea  alba,  95.  Its  actions  follow,  and  reciprocate  with,  those  of  the  larynx 
and  trachea,  97.  It  and  tiie  oesophagus  receive  their  blood  from  many  sources, 
because  in  their  actions  they  conspire  with  many  parts,  96.  It  attracts  various  ex- 
cretions, from  the  mouth,  die  brain,  the  nose,  &c.,  97.  The  pharynx  and  larynx 
are  married  partners,  105.    See  Larynx. 

Philosopht  founded  on  geometrical  principles  affords  conclusive  instruetion 
respecting  the  effects  of  things,  II.,  350.     Its  function  in  anatomical  science,  ibid. 

Phrenic  Nervbs  :  see  Diaphragm. 

Pituitary  Gland,  the,  pours  new  spirit  into  the  blood  of  tiie  Uteral  sinuses, 
213.     It  is  the  conglobate  gland  of  the  cerebrum,  251 . 

Plan  or  summary  intended  to  be  followed  by  the  author  in  the  '*  Animal 
Kingdom,''  10.  Plan  of  constructing  the  work,  17.  Further  development  of  plan, 
II.,  388. 

Pleura,  the,  described  by  Heister,  II.,  212.  By  Winslow,  214.  If  we  pursue 
its  circumflexions,  we  are  conducted  at  last  either  to  the  innermost  parts  of  the  lungs, 
or  to  the  innermost  parts  of  the  heart,  ibid.  They  perform  a  spiral  gyre,  223.  The 
circle  of  the  pleura  is  a  transcendent  circle,  224.  It  is  the  common  and  proper  in- 
tegument, limit,  and  bond  of  the  cavity  of  the  thorax,  226.  It  connects  the  outer- 
most constituents  of  the  thorax  to  the  innermost,  and  causes  external  forces  and 
actions  to  flow  in  unimpaired  to  the  vesicles  of  the  lungs,  ibid.,  and  229.  The  tho- 
racic actions  flow  in  by  way  of  the  pleura  to  the  lungs,  but  not  mce  wrtd,  227.  The 
pleura  not  only  infuses  the  actions  of  the  muscular  chest  into  the  lungs,  but  efiuses 
the  forces  of  this  activity  into  the  viscera  of  the  abdomen,  both  by  the  external  way 
of  the  peritonseum,  and  the  internal  way  of  the  nerves,  arteries,  and  veins,  230.  It 
transfers  the  active  efforts  of  the  thorax  and  lungs  to  the  heart,  its  arteries  and  veins, 
233.  It  penetrates  to  the  pulmonary  vesicles,  and  with  the  pericardium  enables  the 
heart  and  lungs  to  settle  their  differences,  and  make  a  covenant  by  means  of  the 
blood,  235.  It  conveys  the  actions  of  the  spinal  marrow  to  the  dorsal  and  inter- 
costal nerves,  and  thereby  to  the  respiratory  muscles,  242.  It  causes  the  systaltic 
movements  of  the  spinal  marrow  to  coincide  with  the  respiratory  movements  of  the 
lungs,  243.  It  conveys  the  actions  of  the  respiratory  muscles  and  lungs  to  the  spinal 
marrow ;  and  leads  round  the  influx  and  reflux  of  causes  and  effects  in  an  everlasting 
spiral,  244.  It  controls  not  only  the  spirit  of  the  fibres,  but  also  tiie  blood,  dispens- 
ing it  according  to  the  state  of  the  respiration  in  conjunction  with  the  bodily  actions, 
246.  The  impletion  of  tiie  pleura  with  blood,  necessary  to  its  functions,  248.  The 
Impletion  of  its  cellular  tissue  with  the  fluid  expressed  from  its  little  arteries,  neces- 
sary to  its  elasticity,  and  adaptability  to  the  motions  of  the  diest  and  lungs,  and  to 
its  offices  as  a  purificatory  and  oolatory  of  the  blood,  252.  Tlie  distribution  and 
elimination  of  its  blood  and  humors,  253.  The  communication  of  its  humor  to  the 
peritonaeum,  260.  Analogy  between  it  and  the  peritonaeum,  ibid.  See  PeriioiMntm, 
Suceenturiate  Kidneygf  Thymus  Gland,  The  cavity  is  permeable  for  humor  into 
the  pleura  and  lungs,  or  inwards,  but  not  outwards,  282. 

Pores  :  see  Skin. 

Posterior  :  see  Prior. 

Potency.  What  potency  alone  can  do  in  any  subject,  II.,  236.  One  member 
never  imparts  to  another  anything  more  than  potency ;  for  it  never  deprives  the  other 
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of  the  liberty  of  acting  thus  or  thus,  in  one  way  or  ano&er,  237.  Nothing  results 
from  potency  alone ;  there  most  be  an  active  force  mling  by  its  motion  in  order  that 
an  action  may  be  produced,  439,  559.  Hie  potency  of  corporeal  life  requires  to  be 
excited  by  sensation,  before  it  can  act  and  live  in  the  shape  of  force,  559.  See 
Actum,  JFbrce,  lAmg9, 

Prior  and  postrrior  tilings  are  in  series  and  degrees  above  or  below  eadi  other, 
33.  There  is  no  sueoessive  progression  from  prior  to  posterior  things,  276.  The 
progression  from  prior  to  posterior  is  identical  with  the  progression  from  the  soul  to 
the  body  (  the  progression  from  posterior  to  prior  is  identical  with  the  progression 
from  the  body  to  die  soul,  II.,  332.  The  prior  and  interior  ^here  is  relatively 
perfect  and  universal,  ibid.    See  Nature, 

Proorrssion.  In  the  sldn  tiiere  is  a  progression  from  the  greatest  softness  to 
the  least,  and  from  activity  towards  inertia,  II.,  403.  See  ^ficimi,  Prior,  Serief, 
Spirai,  Uh. 

Pulmonary  Artrrirs  and  Vrins  :  see  lAmge, 

Rational  Anatomy,  limits  of,  96. 

Rational  Mind  :  see  Idea^  Thought,  Its  operations,  34.  It  produces  nothing 
by  its  will  but  what  it  has  imbibed  by  way  of  the  senses,  II.,  338.  Its  operations 
.may  not  unfitly  be  compared  with  those  of  algebra,  353.  Every  rational  object  has 
its  own  soul,  354.  The  rational  mind  is  in  its  very  nature  philoaophical,  and  the 
fountain  of  philosophy,  356.  It  is  the  uniting  medium  between  the  woridly  and 
the  heavenly,  the  corporeal  and  tiie  spiritual,  364.  It  constitutes  our  proper 
humanity,  ibid.     It  is  divided  into  two  powers,  a  passive  and  an  active,  ibid. 

Rraction:  we  Action,  Active,  Diaphragm, 

Rbckptaclr.  The  vena  portn  is  a  receptacle  of  the  blood,  278.  The  omentum 
is  a  receptacle,  380.  Tlie  trachea  and  bronchia  are  receptacles  of  the  air,  II.,  502. 
The  veins,  and  specifically  the  pulmonary  vessels,  are  so  many  receptacles  of  the 
blood,  509.  The  stomadi  performs  the  oflioe  of  a  receptacle,  512.  Hie  right 
auricle  of  the  heart  is  a  receptacle,  515.  There  are  numbers  of  receptacles  in  the 
medullary  portion  of  the  cerebrum,  518.  The  memory  is  a  receptacle  of  sensa- 
tions, 521. 

Rrcbptaculum  Chyli.  It  resides  in  the  centre  of  the  body,  202.  Its  tran- 
quillity and  security  are  necessary  to  tiie  well-being  of  tiie  body,  204.  Described 
by  Heister,  210.     It  exercises  a  propulsive  force  upon  the  chyle,  216, 

Rrgrnrration.  Hie  (unctions  of  the  body  are  an  image  of  the  processes  in 
man's  regeneration,  451. 

Rklation.  The  perfect  mutual  relation  of  all  things  in  the  tongue,  53.  Iliere 
is  a  perpetual  rdation  of  parts  to  their  generals,  54.  Relations  and  determinations 
arise  from  spheres  of  circumgyration,  194. 

Representation,  doctrine  of,  10,  11.  External  things  represent  what  internal 
things  contain,  84.  Rational  sight  is  represented  in  ocular  sight,  and  rational  light 
and  heat  in  natural  light  and  heat,  II.,  359.  The  life  in  the  last  sphere  rqiresents 
the  life  in  the  first,  II.,  461.    See  X.ea#te,  8oui, 

Respiration  is  the  essential  outermost  life  of  the  body,  107.  See  Braim, 
Lunge,  All  the  frmctions  peculiar  to  tiie  body  commence  and  cease  with  tiie  respira- 
tion, 399.  The  muscles  of  respiration  described  by  Heister,  II.,  123.  Respiration 
opens  the  scene  of  bodily  life,  and  in  a  certain  image  represents  the  higher  life, 
140.  Inspiration  is  brought  about  by  the  force  of  the  incumbent  air,  assisted  by 
the  contraction  of  the  respiratory  muscles,  141,  262.     Expiration  is  brought  about 
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by  a  general  oootractile  effort  oo  tbe  part  of  the  internal  oonititnenti  of  the  longs, 
aaiiflted  by  the  return  of  tile  ribs,  and  the  natnnl  oompresiion  of  the  thorax,  145. 
In  ordinary  respiration,  inspiration  alone  bdongs  to  the  will,  and  expiration  to 
nature,  148,  264,  337.  In  extraordinary  respiration,  the  will  sometimes  governs 
expiration,  149,  166.  Respiration  calls  forth  the  intimate  lives  of  the  determina- 
tioos  into  actions,  <ff  into  their  ultimate  lives,  152.  See  Sound  and  Speech,  Respi- 
ration is  threefold,  natural,  voluntary,  and  mixed,  208.  Irregularities  of  the 
respirations,  209.  The  different  qualities  of  the  respiration  are  so  many  general 
diagnostic  marks  of  the  ailments  and  diseases  of  the  body  and  animal  mind,  210. 
Tlie  respiratory  field,  248.  Hie  means  by  which  respiration  was  prevented  during 
uterine  life,  262,  331.  Every  part  of  the  body  respires,  460.  See  Action^  Ani' 
matian,  Aimoapheree, 

Saliva,  the,  is  adapted  to  aU  the  offices  of  the  tongue,  41.  The  tongue  is  the 
principal  agent  in  drawing  the  saliva  from  the  glands,  81.  The  excretion  of  saliva  is 
the  office  of  the  instrumental  cause,  not  of  the  principal,  83.  The  saliva  ii  a  men- 
struum and  vehicle,  ibid.  It  is  different  in  every  animal,  ibid.  The  oral  saliva 
increases  in  density  from  the  anterior  to  the  posterior  part  of  the  month ;  and  why, 
ibid.  The  saliva  varies  continually,  according  to  the  affections  of  the  tongue,  the 
brain,  and  the  mind,  84.  Whatever  takes  place  in  the  mind,  takes  place  in  tbe 
innermost  of  the  blood,  and  of  the  saliva,  84.  The  saliva  defecates  the  blood  for 
the  brain  and  sensoria,  85.  The  qualities  of  the  saliva  are  best  shewn  by  its  effects, 
99.  The  saliva  is  in  a  successive  series  throughout  the  alimentary  canal,  164,  239. 
See  Stomach.  The  bile  is  a  saliva,  ibid.,  277.  See  Bile,  The  last  species  of 
saliva  distils  firom  the  vermiform  appendage,  ibid.  The  salivas  perform  their  par- 
ticular, general,  and  most  general  uses,  ibid.  When  the  saliva  has  ceased  to  be  of 
use  to  its  own  member,  it  is  derived  into  the  cavity  of  the  next,  164.  Each  intes- 
tine has  its  own  spring  of  saliva,  164,  181.  Why  the  saliva  is  affected  in  rabies, 
208.  The  chyle  is  introduced  into  the  blood  by  means  of  the  saliva,  274.  See 
ikieetmee,  Panereae, 

Salivary  Glands,  the,  described  by  Heister,  63.  By  Winslow,  66.  Com- 
parative anatomy  of,  from  Swammerdam,  69.  Authors  to  be  consulted  respecting, 
ibid. 

Sanguification.  Chylification  and  inauguration  of  the  chyle  jointly  consti- 
tute sanguification,  270.  It  is  the  work  of  no  one  viscns,  but  of  many  combined, 
ibid.    Where  performed,  512.     8eo  Heart, 

SciKNCKS,  the,  should  be  applied  to  use,  15.  The  empirical  sciences  supply 
materials  and  instruments,  the  theoretical,  laws  and  rules,  II.,  349.  All  the  sciences 
derive  their  elements  from  visible  nature  and  the  world,  ibid.  The  sciences  con- 
centrate ideas,  and  submit  them  to  terms,  and  hence  give  a  dear  representation  of 
compound  ideas,  351.  The  necessary  subdivision  and  subordination  of  the  sciences, 
ibid.  The  infinity  of  each  science,  and  each  part  of  each,  ibid.  Tliere  is  a  con- 
nexion of  all  the  sciences,  and  a  concentration  into  one,  the  universal  of  all,  352. 
All  the  sciences  are  so  many  signs  of  the  deceptions  and  frdlades  of  our  senses,  541. 
See  Bjpperience,  Thought, 

Sbcrbtion  :  see  Serum,  The  secretions  and  excretions  are  either  profitable  or 
unprofitable,  and  consist  of  either  obsolete  or  superfluous  materials,  271. 

Sbnbb  makes  instantaneous  common  cause  with  motion,  II.,  20.  See  Action, 
The  five  senses  are  opened  at  birth  when  the  inversion  of  life  takes  place,  and 
convey  the  forms  of  the  world  inwards  to  the  soul,  335.     Each  sense  submits  its 
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gifts  to  a  kind  of  vinoii  inalogom  to  ocular  viiioii,  and  carries  them  into  the  memorj, 
348.  The  experience  of  no  one  man's  senses  is  suffident  for  the  exploration  of 
causes,  but  the  world's  general  experience  is  reqoired,  for  we  most  be  instructed  by 
all  things  of  one  thing,  if  we  are  to  know  that  one  thing  thoroughly,  ibid.  Sensa- 
tion exists  essentially  nowhere  but  in  the  soul,  462.  Certain  sensations  go  first  into 
the  memory ;  certain  others  go  immediately  towards  the  innennoat  sphere ;  the  latter 
are  analogous  to  the  hepatic  and  brondiial  arteries,  521.  Eadi  sensation  is  a  com- 
pound  of  simpler  sensations,  547.     See  7\i«/ff,  Touch. 

SsNSOUuii.  In  all  the  sensorial  organs,  there  must  constantly  be  iuToWed,  or 
continually  be  influent,  a  power  from  above  or  within,  and  at  the  same  time  from 
below  or  without,  in  order  diat  the  organ  may  be  in  a  state  for  receiving,  and  apply- 
ing to  itself,  that  which  is  offered  and  represented,  II.,  559. 

Sbribs,  doctrine  of,  10,  11,  316.  Every  series  comprehends  an  idea  of  its 
universe,  37.  Everything  is  a  series,  and  in  a  series,  53,  317.  Digestion  is  per- 
formed in  a  series,  173.  Every  series  has  its  maximnm  and  minimum,  276.  The 
passage  by  a  continuous  series  fit>m  compounds  to  tiieir  simples,  is  called  successive 
progression,  276.  From  a  continual  series  of  differences  a  compound  results  that  is 
thoroughly  adapted  to  nature's  end,  313.  No  series  can  be  complete  or  effective 
without  involving  at  least  a  trine,  315.  Illustrated  in  the  offices  of  the  abdominal 
viscera ;  and  in  geometry,  arithmetic,  physics,  rationals,  and  logic,  ibid.  See  Ab^ 
domeHf  Saiiva,  Tliere  are  both  successive  and  simultaneous  series,  but  the  latter 
always  arise  firom  the  former,  316;  II.,  85.  One  thing  generates  and  sustains 
another  in  a  continual  series,  361.     See  Unities. 

Sbrvm  :  see  Bioodt  Chyk^  Kidmeyg.  Hie  chyle,  when  initiated  into  tiie  blood, 
is  called  serum,  270,  372.  The  purification  of  the  serum  takes  place  by  secretion, 
270 ;  II.,  288.  The  different  kinds  of  serum  are  distributed  and  treated  differentiy, 
I.,  271.  The  sera  admit  of  being  divided  into  three  general  classes,  372,  511. 
In  the  foetal  state  serum  serves  instead  of  diyle,  405,  408,  409,  452 ;  II.,  292. 
The  impure  serum  can  only  flow  in  straight  lines,  and  hence  is  Hiwinat^  in  the 
drcumflexed  vessels  of  the  kidneys,  I.,  437.  See  Succeniuriate  Kidneyt^  Tkymm 
Oland.  The  animal  spirit  has  its  serum  as  well  as  the  blood,  II.,  431.  As  these 
sera  are  perfectiy  distinct,  so  their  excretions  are  not  confounded,  ibid. 

SiiiPLKs,  the,  of  the  blood,  what,  236.  The  blood  contains  nmples  of  several 
degrees,  ibid,  and  270.  The  more  exactiy  simples  are  distinguished  from  each  other, 
the  more  fitiy  they  are  combined,  and  the  more  ordinately  they  are  related  to  thdr 
generals,  the  more  perfect  is  the  state  of  the  member,  53;  II.,  18.  Tliere  is  a 
perpetual  derivation,  composition,  and  convolution  of  simples,  illustrated,  412. 
See  Blood,  LetuUf  Organic  Jbrmt,   Uniiiei. 

Skin:  see  Timch.  The  skin  described  by  Heister,  II.,  372.  By  Winslow, 
374.  The  pores  of,  described  by  Leeuwenhoek,  377.  Excretions  of,  described  by 
Boerhaave,  379.  Comparative  anatomy  of,  frx>m  Swammerdam,  380.  The  cuticlb 
or  KPiDB&if  IS  described  by  the  Author,  386.  It  collects  the  particular  utilities  and 
frmctions  of  all  the  tunics  and  strata  tiiat  lie  under  it,  represents  them  in  itself  in  a 
general  manner,  and  completes  them ;  for  by  those  tunics,  and  on  their  account, 
its  formation  and  character  are  such  as  we  see,  388,  389.  It  maintains  the  con- 
nexions of  the  parts  spread  under  it ;  sustains  their  changes  of  state ;  and  impels 
them  to  perform  their  offices  aright,  391,  392.  like  a  coat  of  mail,  constructed 
of  wonderful  scales,  folds,  and  joints,  it  protects  and  defends  the  sensitive,  soft, 
and  agile  tunics  that  it  covers  in,  against  injury  from  the  surrounding  air,  against 
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its  heat,  cold,  perturbations,  and  varions  conditions  not  in  agreement  with  the 
state  of  the  body ;  and  moreover  against  the  rough  and  stinging  particles  of  its 
vapors,  and  of  different  fluids :  and  it  takes  upon  itself  in  the  first  instance  the 
changes  to  which  tiiese  will  give  rise  in  the  body,  tempers  them,  and  tends  to 
break  their  force,  392 — 394.  It  institntes  the  proximate  communications  between 
the  circumambient  world,  and  the  corporeal  world  that  it  encloses ;  that  is  to  say, 
it  admits  from  the  air  and  ether  comparatively  pure,  simple  elements,  which  are  in 
harmony  with  the  natural  state,  and  sends  them  down,  as  new  aliment,  into  passages 
that  lead  to  the  blood.  On  the  other  hand,  it  sends  out  obsolete  volumes  of 
effluvia,  and  sweats  consisting  of  useless  lymph,  brine,  and  rancid  fat,  and  disperses 
them  into  the  contiguous  air,  394 — 39G.  It  puts  together  the  primal  singular 
modes  of  sensation  of  tiie  fibrille  and  papillae,  into  a  kind  of  common  mode  that 
is  termed  the  sense  of  touch ;  which  it  regulates,  sharpens,  and  blunts,  so  as  exactly 
to  produce  the  varieties  that  nature  requires  of  that  sense  in  the  different  parts  of  the 
body,  397.  The  corpus  rbticularb  Malpighii  described,  ibid.  It  serves  as 
a  basis  and  support  to  the  cuticle :  also  as  a  link  and  instrument  of  union  between 
the  cuticle  and  the  papillary  substance,  the  glands,  the  vessels,  the  fat,  and  in 
fine,  all  the  subjacent  parts :  thus  as  a  mediating  organ,  and  as  an  organ  for 
transferring  the  modes,  actions,  feelings  and  changes  of  the  above  parts,  to  the 
scales  of  the  epidermis ;  and  from  these  scales,  on  the  other  hand,  to  those  parts, 
398.^02.  It  sustains,  strengthens,  and  balances  the  subjacent  parts  of  the 
cutis,  402.  It  gathers  together  scattered  parts,  bridges  them  over,  gives  them 
distinctness,  reduces  them  to  form :  thus  it  causes  everything  to  refer  itself  to 
a  general ;  to  proceed  in  successive  series ;  to  flow  backwards  and  forwards  in  a 
certain  gyre ;  and  to  conspire  and  tend  incessantly  to  equilibrium  and  rest,  402 — 404. 
See  Progremon.  The  cutis  described,  404.  Its  first  general  use  is,  to  serve 
as  a  new  source  of  fibres,  and  as  an  end  and  beginning  to  the  vessels,  405. 
For  tiiere  are  pores,  ducts,  and  little  canals,  of  a  threefold  Idnd,  origin,  nature, 
and  function,  arising  from  the  fibres,  and  from  the  same  number  of  organic  sub- 
stances belonging  to  the  cutis,  407.  See  ^jS^ectB,  The  pores  of  the  first  kind  have 
their  origin  from  the  first  composition  of  tiie  cutaneous  fibres :  their  nature  is,  when 
drawn  back  from  their  apertures,  to  represent  new  fibres,  which  are  to  be  named 
corporeal  fibres :  their  function  is,  to  suck  in  the  purer  elements  of  food  from  the 
air  and  ether,  and  to  carry  them  to  their  ends,  and  expend  them  upon  the  uses  of 
life,  408 — 410.  The  pores  of  the  second  kind,  more  properly  termed  ducts^^  have 
their  origin  from  the  pores  of  the  first  kind,  so  convoluted  as  to  form  a  vessel ;  con- 
sequently from  the  papillse,  to  the  commissures  or  interstices  of  whidi,  they  run 
continuously  :  their  nature  is,  to  be  the  first  and  last  ends,  thus  the  beginnings,  of 
the  arteries  :  their  function  is,  to  expire  the  thin  but  worthless  effluvia  of  the  blood, 
411—414.  The  ducts  of  the  third  kind,  rather  to  be  called  little  canals,  have  their 
origin  from  the  subcutaneous  glands :  thdr  nature  is,  to  be  the  beginnings  of  the 
veins :  their  function  is  twofold ;  on  the  one  hand  to  throw  out  of  doors,  away  from 
the  cutis,  the  vapors  and  sweats  received  from  the  arteries;  on  the  other  hand, 
to  suck  in  the  same,  and  insinuate  them  into  the  new  formed  veins,  416,  417. 
These  three  kinds  of  vessels  do  not  end,  excepting  where  the  innermost  coat  of  the 
arteries,  and  tiie  outermost  coat  of  the  veins,  place  their  boundaries ;  namely,  their 
boundaries,  but  of  a  middle  kind,  in  the  chambers  of  the  heart,  where  all  the 
vessels  come  together ;  their  ulterior  boundaries,  in  the  innermost  sphere  or  vesicles 
of  the  lungs  ;  but  their  last  boundaries,  where  the  fibres  place  their  first,  in  the  cor« 
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tical  glands  of  tihe  brain ;  hence  the  indissolnble  co^jnnctian  and  connexion  of  the  last 
sphere  with  the  first  by  means  of  the  heart,  420,  422.  From  this  it  appears,  that 
the  fibres  quringing  up  in  ihe  brain,  again  commence  anew  in  the  ultimate  Umit  of 
the  body,  that  is  to  say,  in  the  cutis,  and  return  in  a  gyre  to  their  principles ;  and 
thence  run  forth  again  in  company  with  the  parent  fibres  into  their  field  of  uses ;  so 
that  their  circle  is  an  everlasting  drde,  or  spire,  in  whidi  the  idea  of  continuity, 
perpetuity,  or  infinity,  is  represented,  423. — ^The  second  general  use  of  the  cutis  is, 
to  serre  as  the  foster-mother  of  the  spirits,  and  the  nurse  of  tiie  blood ;  and  further- 
more, as  the  instrument  for  throwing  out  usdess  matters  from  both,  ibid.  For  the 
pores  of  the  first  kind,  simply  bibulous  and  feeding,  immediately  convey  the  ele- 
mental food  that  they  sip  from  the  ethereal  and  celestial  auras,  through  their  corpo- 
real, thus  venous,  fibres,  in  part  to  the  cortical  glands  of  the  brain,  which  are  the 
prime  laboratories  of  the  spirits ;  in  part  to  the  pulmonic  cells,  which  are  the  Ktde 
refectories  of  the  blood,  and  the  preparatories  that  change  it  firom  venous  to  arterial ; 
in  part  to  the  left  diamber  of  the  heart,  the  starting  place  firom  which  the  arterial 
Uood  comes  forth :  use  and  want  regulating  and  dispensing  the  quantity  and  quality 
of  this  aliment,  424-— 430.  But  the  pores  of  the  second  kind,  which  we  have  termed 
ducts,  simply  expiratory,  put  to  flight  and  exterminate  the  ii^urious  and  recremen- 
tidous  matters  that  infost  the  purer  blood  and  the  spirit,  that  irritate  the  interstioes 
of  the  fibres  and  of  the  nervous  Baiscicles,  and  that  beset  the  lesser  cutaneous  parts, 
430.  The  ducts  of  the  third  kind,  more  property  called  Uttle  canals,  in  nature  and 
•ffice  both  excretory  and  adductory,  thus  hermaphrodite,  purge  the  arterial  blood, 
the  subjacent  fot,  die  musdes,  and  tiie  integuments  of  the  viscera,  that  is  to  say,  the 
peritonsum  and  the  pleura,  of  their  grosser  impurities,  when  die  outlet  through  the 
other  doors  provided  by  nature  is  not  available.  At  stated  times  also  they  seek  out 
and  suck  in  the  purer  lymphs,  or  even  die  thicker  vapon,  from  the  air  itself;  and 
pour  them  into  the  continuous  veins,  435—439.  And  this,  unintermittingly,  with 
a  kind  of  sysfeolie  and  diastolic  action  synchronous  with  the  pulsific  movements  of 
the  heart  and  arteries,  which  seizes  all  the  cutaneous  parts,  the  littb  arteries,  the 
papillse,  and  the  glands,  and  rouses  tiiem  to  their  Amotions,  439.  But  with  infinite 
variety,  according  to  all  dianges  of  state  arising  firom  sensation  and  affection,  outor- 
most,  innermost,  and  intermediate,  440.  By  an  attentive  review  of  the  above  po- 
sitions, a  knowledge  of  many  of  nature's  secrets  is  brought  to  the  light  of  our  un- 
derstanding, althou^  still  in  only  an  obscure  manner ;  for  instance,  we  understand 
in  this  way,  the  derivation,  production,  and  generation,  in  living  bodies,  of  the 
inferior  and  ultimate  universal  essence  firom  tiie  superior  and  supreme,  446. 

Slbbp.  The  soul  operates  to  restore  the  body,  particularly  during  sleep,  when 
the  will  is  at  rest,  139 ;  II.,  102.  The  cerebrum  collapses  during  sleep,  but  opens 
out  during  the  waking  state,  164.  The  states  of  sleq>  and  wakefulness  compared, 
165. 

Smbll  :  see  Nosi.  The  modes  and  radii  of  this  sensation  mount  both  by  way  of 
the  fibres,  and  of  the  two  meninges,  and  meet  in  the  cortical  substance,  II.,  17.  See 
TatUf  Touch. 

Soul  ;  see  Body.  A  knowledge  of  the  soul  is  the  end  proposed  in  the  **  Animal 
Kingdom,"  10.  The  soul  is  in  the  sphere  of  truths,  ibid.  It  is  in  vain  to  seek  for 
the  soul  anywhere  but  in  her  own  kingdom,  the  body,  11.  She  is  represented  in  the 
body  as  in  a  mirror,  11,  12,  13,  34.  It  is  impossible  to  leq>  immediately  from  tiie 
body  to  tike  soul ;  and  hence  the  passage  between  the  two  must  be  effected  by  means 
of  certain  doctrines,   11.     All  things  of  the  body  contain  the  soul,  because  they  re- 
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present  iti  wriet  of  ends,  ibid.  Aa  we  approach  the  aool  we  recede  from  the  body, 
39,  52  ;  II.,  355.  All  parte  and  forma  have  both  a  soul  and  a  body,  I.,  108,  214. 
The  soul's  single  object  while  it  lives  in  the  body  is,  to  preserve  all  the  powers  of  the 
body  in  their  primitive  integrity,  or  to  make  them  subsist  as  they  at  first  existed, 
339  ;  II.»  591.  The  form  of  the  ideas  that  constitute  the  nature  of  the  soul,  is  ex- 
actly represented  in  the  organism  of  the  body,  I.,  341.  See  Circle.  Whatever  we 
predicate  of  nature,  we  mean  to  predicate  of  the  soul,  397.  It  is  tiie  architect  of  tiie 
body,  398  ;  II.,  141.  What  share  the  senses  and  the  soul  have  respectively  in  the 
formation  of  die  intellect,  ibid.  The  soul  was  the  only  principle  of  all  motions  during 
embryonic  life,  332.  It  regards  only  ends  and  uses,  344.  Hie  body  cannot  unite 
itself  to  the  soul,  but  the  soul  unites  itself  to  the  body,  365.  At  death  tiie  soul  be- 
takes itself  completely  to  ite  own  higher  sphere,  386.  It  perceives  all  mutations  in 
tiM  body  that  are  imperoq[>tible  to  the  general  sensorium,  649.  It  is  the  only 
essence  by  which  we  Uve,  and  is  absolutely  distinct  from  the  intellectual  mind, 
550.  It  judges  of  pleasure  by  utility ;  but  the  senses,  of  utility  by  pleasure,  591. 
See  Tmtch. 

Sound,  the  quantity  and  quality  of,  II.,  53,  57,  75.  In  the  animal  kingdom, 
the  principle  of  sound  is  twofold,  72.  The  universal  essences  of  sound,  what,  77. 
The  sonorous  tract,  117.     The  series  of  causes  producing  vocal  sound,  169. 

Spbkch.  How  speech,  at  first  voluntary,  becomes  in  a  manner  natural,  II,  109. 
In  singing  and  speech  tiie  will  performs  the  part  of  expiration,  169.  Before  we  are 
prepared  to  speak  or  sing,  the  air  is  determined  into  the  most  superficial  vesicles  of 
the  lungs,  ibid. 

Sphbrb.  Relations  and  determinations  arise  from  spheres  of  circumgyration, 
194.  There  are  three  spheres  in  the  living  body,  a  sphere  of  effecte,  a  sphere  of 
causes,  and  a  sphere  of  principles,  II,  370.  Hie  soul  administers  tiie  supreme 
sphere,  and  governs  the  states  of  principles;  the  spirit,  the  inferior  sphere,  and 
governs  the  states  of  causes ;  and  the  blood  or  body,  the  lowest  sphere,  and  governs 
the  states  of  effecte,  441.  Hiere  is  perpetual  battle  and  collision  of  these  spheres 
wiUi  each  other,  444.  The  sphere  of  the  body,  or  the  lowest  sphere,  subsiste  on  ter- 
restrial alimente;  the  supreme  sphere,  on  ethereal  and  celestial  food;  the  middle 
sphere,  on  both,  445.     See  Vueera. 

Spirits  :  see  AninuU  Spirits, 

Spiral  t  see  Inieitinet,  Stomach,  life.  The  spiral  form  occurs  in  the  intestines 
or  ultimates  of  the  body ;  in  the  brains,  or  principles  ;  and  throughout,  in  the  inter- 
mediates ;  being  the  essential  form  of  motion  or  fluxion  in  the  animal  world,  125. 
It  is  the  parent  and  measure  of  the  circular ;  and  may  be  called  tiie  perpetual-circular, 
126.  It  emulates  spontaneousness  in  ite  motion,  126.  In  the  spiral  fluxion,  the 
foci  are  never  in  tiie  same  plane,  128.  When  nature  would  so  exalt  her  powers  as  to 
return  to  her  own  spontaneousness,  die  betakes  herself  to  spirals  and  perpetual 
spirals,  160.  A  spiral  has  a  circle  for  a  centre,  and  remotely  respecte  the  centre  of 
this  eirde,  168.  Other  properties  of  the  spiral,  169.  It  never  returns  to  the  point 
it  started  from,  ibid.  It  has  tiie  power  of  infinite  variation ;  and  ite  perfection  con- 
siste  principally  in  exerdsiBg  this  power,  and  yet  constantly  maintaining  ite  ovm 
essence,  170.  It  is  capable  of  adapting  itself  to  every  space,  ibid.  The  spiral 
flexures  of  the  vesseb  correspond  to  the  tendency  to  spiral  motion  in  the  blood,  437. 
See  Blood,  The  air  circulates  according  to  ite  natural  fluxion  in  the  spiral  bones  of 
the  nares,  II.,  14.  Proofis  that  the  air  tends  to  gyrate  spirally,  from  the  spiral 
cochlese  in  the  ear,  &c.,  ibid.  Hie  perpetuity  and  perfections  of  the  spiral  and 
VOL.  H.  Y  Y 
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higher  forms,  315.  In  all  nature's  organic  forms  we  find  the  idea  of  oontinmty,  per<* 
petoity,  and  spiral,  420.     See  Pleura, 

Spiritual  Wo&ld,  the,  holds  the  physical  and  material  worid  at  its  beck  and 
nod,  525. 

Splbbn,  the,  described  by  Heister,  328.  By  Winslow,  329.  By  Malpighi,  332. 
Authors  to  be  consulted  respecting,  336.  Swedenboig's  description  of,  342.  It 
purifies  the  blood  somewhat  in  the  same  manner  as  the  penis,  344.  It  extravasates 
the  arterial  blood  into  its  membranous  cells,  and  there  works  and  reduces  it,  345. 
The  great  splenic  vein,  and  a  host  of  lymphatics,  are  its  excretory  ducts,  347.  It 
undergoes  expansion  and  contraction  in  the  whole  and  all  the  parts,  346.  It  drawa 
off  the  impure  blood  from  the  trunk  of  the  aorta,  348.  It  discriminates  or  separates 
this  blood,  351.  It  reoeires  no  serous,  but  only  purely  globular  or  red  blood,  353. 
There  is  no  place  in  the  body  for  unbinding  the  blood,  but  the  spleen,  354.  Hie 
blood  prepared  by  it  is  a  menstruum  for  the  new  chyle  in  the  liver,  355.  It  does 
not  break  up  the  blood-globules,  but  only  separates  those  that  are  sticking  together, 
ibid.  By  its  preparation  of  a  sanguineous  menstruum,  it  assists  both  the  Uver  and 
the  stomach,  356.  By  its  lymph  the  spleen  prepares  a  menstruum  for  the  diyle  in 
the  mesentery,  357.  It  dispenses  its  gifts  equitably  between  the  liver  and  the  mesen- 
tery, 358.  While  its  artery  and  vein  contract,  its  cells  expand ;  so  that  no  move- 
ment of  any  part  is  apparent,  the  indtation  being  exactly  correspondent  to  tite 
invitation,  359.  See  Liver,  P<merea»»  The  purification  of  the  blood  may  be  per- 
formed without  the  spleen,  and  how,  360.  What  takes  place  when  tiie  spleen  is 
excised,  ibid.     See  Omentum, 

Stomach,  the,  described  by  Heister,  109.  By  Whidow,  111.  Rnysch's  ob- 
servations on,  114.  Comparative  anatomy  of,  from  Swammerdam,  116.  From 
Glisson,  118.  Curious  particulars  respecting,  from  Schurig,  ibid.  Hie  stomadi 
digests  and  absorbs  tiie  food,  and  sends  what  it  has  not  thoroughly  acted  upon  into 
the  intestines,  122.  Tlie  salivas,  and  aU  the  liquids  drunk,  serve  it  as  a  menstruum, 
ibid.  It  resolves  the  salivas  into  their  component  spirituous  and  bodily  parts,  and 
makes  use  of  tiiese,  ibid.  It  performs  all  its  operations  on  its  ingesta,  by  motion, 
warmth,  and  delay,  123,  132,  133.  Its  operations  proceed,  by  degrees,  from  out- 
most to  inmost,  and  from  both  to  both  at  once,  ibid.  The  stomach  is  active ;  the 
food,  passive ;  the  saliva,  the  active  medium,  123.  The  stomach  winds  in  a  stu- 
pendous and  everlasting  gyre,  ibid.  It  has  poles,  axes,  and  fbd,  124.  Its  form  is 
the  spiral,  125.  Tht  vortical  motion  in  the  stomach  of  the  sturgeon,  125.  Hie 
structure  of  the  stomach  shews  the  nature  of  its  spiral  form,  or  of  its  determination 
of  motion,  126.  The  convolutions  of  the  stomach  are  analogous  to  those  of  the  in- 
testines  and  brains,  127.  They  have  no  discoverable  beginning  or  end,  ibid.  Their 
general  determinations  only  can  be  discovered,  ibid.  Hie  fibres  of  the  muscular  coat 
are  spiral ;  those  of  the  common  membrane,  circular,  127.  Hie  distribution  of  the 
nerves,  arteries  and  veins,  is  according  to  the  poles,  axes,  and  drcumferenoes,  ibid. 
No  two  of  the  orifices  of  the  stomach  are  in  the  same  plane,  128.  The  motion  of  the 
stomach  is  synchronous  with  that  of  the  lungs,  and  runs  from  the  cardia  to  the  py- 
lorus, once  during  each  respiration,  128.  Likewise  the  motions  of  the  lesser  forms 
of  the  stomach,  the  orifices  of  which  are  minute  pylori,  129.  The  stomach  is  the 
centre  of  all  the  motions  that  the  lungs  pour  forth,  ibid.  The  amazing  velocity  of  its 
motions,  ibid.  It  is  composed  of  lesser  stomachs,  exercising  more  perfect  and  uni- 
versal offices,  131.  These  little  stomachs  receive  the  materials  that  have  been  once 
digested  by  the  stomach,  and  digest  them  more  perfectly  :  again,  in  like  manner,  the 
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least  Btomachs,  131,  132.  And  absorb  them  through  their  minute  pylori  and  intes- 
tines,  ibid.  Hie  stomach  can  assume  erery  curre  involved  in  the  circular  form,  133. 
The  food  in  it  has  no  gravity  or  tendency  of  its  own,  but  is  exempted  from  the  Uws 
of  the  surrounding  world,  135.  The  parts  of  the  stomach  are  lesser  stomadis  in 
respect  of  ftmction,  ibid.  Ilie  stomach  sends  its  purest  products  to  the  brain ;  the 
next  purest  to  tiie  blood ;  the  next,  to  the  chyle ;  the  next,  to  the  Uver ;  and  none 
but  the  reftise  through  tiie  pylorus,  135,  138.  Certainty  in  tiiese  matters  is  rather 
to  be  sought  from  effects,  than  from  ocular  evidence,  136.  The  stomach,  by  its  ab- 
sorption, prevents  life  from  being  dangerously  dependent  on  the  tiioracic  duct,  138. 
It  throws  out  the  refuse  alone  through  the  pylorus,  and  imbibes  all  its  own  chyle 
itself,  161.  It  is  tiie  principal  viscus  of  the  abdomen ;  and  the  axis  of  a  wheel, 
roond  which  the  other  viscera,  and  their  functions,  revolve,  495,  502.  See 
Periiotueumt  Saliva, 

SuBSTANCB :  see  Motion.  Substances  are  the  subjects  of  all  accidents,  II.,  306. 
Forces,  motions,  operations,  and  actions  cannot  be  explored  exceptmg  through  the 
organic  nexus  of  substances,  ibid.  Wherever  there  is  a  modification,  there  is  a 
substance  also,  524.     All  causes  flow  according  to  the  nexus  of  substances,  525. 

SuccKNTURiATB  KiDNBYS,  described  by  Heister,  392.  By  Winslow,  393.  By 
Malpighi,  395.  Authors  to  be  consulted  respecting,  396.  They  exerdse  a  sove- 
reignty during  the  foetal  state,  400.  They  ei^oy  an  alternate  expansion  and  con- 
traction, 401.  Their  expansile  and  constrictile  motion  converges  to  their  fissure, 
ibid.  Their  operation  depends  on  this  motion,  403.  This  motion  is  synchronous 
with  the  heart  before  birth,  with  the  lungs  after  birth,  ibid.  Hiey  attract  to  them 
certain  blood  and  serum,  404.  They  are  corcula  for  circulating  the  serum  through  the 
cellular  tissues  of  the  peritonaeum  and  its  viscera,  ibid. ;  and  II.,  261.  They  mingle 
their  blood  and  serum,  and  distribute  it  in  various  ways,  I.,  405.  Their  vein  is 
their  excretory  vessel,  407.  The  dark  humor  in  their  cavity  is  an  extremely  pure 
extract  of  the  blood,  of  which  a  small  quantity  is  capable  of  converting  a  large  quan- 
tity of  serum  into  blood,  ibid.  They  perform  an  analogous  office  in  embryos  to  the 
liver  in  adults,  408.  They  regulate  the  quality  and  quantity  of  the  supplied  mater- 
nal and  of  the  foetal  blood,  408.  Before  birth  they  divert  the  stream  of  serum  from 
the  kidneys ;  after  birth,  the  finer  portion  of  it,  409.  They  prevent  the  immoderate 
seizure  of  the  flower  of  the  blood  by  the  testicles,  411.  In  long  abstinence  from 
venery,  they  are  diverticula  to  the  testicles,  412.  They  transmit  the  blood  by  a 
short  cut  from  the  aorta  to  the  middle  of  the  vena  cava,  ibid.  Why  they  waste  away 
as  age  advances,  413.  They  absorb  the  pure  serum  circulating  through  the  pleura, 
and  send  it  forth  in  a  circle  through  the  peritonaeum,  II.,  261.  See  Diaphragm, 
Faetuit  Serumf  J^ymus  Oland, 

Suction.  The  mode  in  which  successiveness  of  action  conterfeits  suction,  98. 
Btinnte  tubes  exercise  suction  more  perfectly  than  large  cavities,  178.     See  Tongue, 

Synthbbis,  one  way  adopted  for  discovering  truth,  4.  The  s]mthetic  way  passes 
from  the  prior  to  the  posterior  sphere ;  the  analytic  from  the  posterior  to  the  prior, 
ibid.  Synthesis  is  nothing  but  a  meagre  form  of  analysis,  ibid.  It  favors  our  own 
state  and  order,  and  pimps  to  vanity  and  self-love ;  but  is  contrary  to  nature,  and  can 
never  win  the  goal  of  truth,  4,  5 ;  and  II.,  346.  It  gives  rise  to  errors  and  civil 
wars  between  the  soul  and  the  body,  and  causes  the  banishment  of  truth,  I.,  6. 

Tastb,  the  true  objects  of,  as  described  by  Boerhaave,  30.  The  conditions  of, 
30,  31.  The  varieties  of,  31.  Touch  apprehends  parts ;  taste  and  smell,  parts  of 
parts,  52,  79.    The  sense  of  taste  is  what  sets  the  whole  machine  of  the  tongue 
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and  condguous  and  oontumoua  organs  in  motion,  79.  Hie  objects  of  taste  conost 
of  parts  of  the  three  kingdoms,  to  wit,  the  mineral,  the  Tegetable,  and  the  animal, 
which  parts  are  comminuted  and  dissc^ed  in  their  aqueous  and  other  liquid  menstma, 
and  in  the  salivas  particularly,  and  on  being  applied  to  the  litUe  sensoria  of  the 
tongue,  are  perceived  as  to  their  qualities ;  the  perception  or  sensation  itself,  is  called 
taste,  II.,  567.  Bj  the  objects  of  taste,  we  know  the  character  of  the  organ, 
because  the  two  mutually  correspond  to  each  otiier ;  for  the  organ  represents  a  com- 
mon form,  whereof  the  mutations  are  so  many  types  fiuhioned  exactly  to  the  im- 
pressing objects  as  thdr  ideas  or  ante-types,  569.  Speakfaig  generally,  all  figured 
parts,  both  simple  and  compound,  that  have  angles  and  planes,  fSidl  under  this 
sense,  ibid.  But  which  are  naturally  so  fiur  inert  and  weighty,  that  iHien  i^lied  to 
the  little  sensoria,  they  can  imprint  a  type  of  themselves,  and  cause  a  oorreqxmding 
mutation,  570.  And  moreover  are  of  sudi  a  magnitude,  that  they  can  act  distiBctly 
upon  the  individual  parts  of  the  organ  of  this  sense,  571.  Hence  the  sense  of 
taste,  or  savor,  is  excited  by  means  of  fluids,  by  particles  possessing  figure,  vi$ 
ineriia,  and  just  magnitude,  ibid.  The  figures  or  configurations  of  parts  pro- 
duce all  the  varieties  and  differences  of  this  sense;  consequently  the  sense  itself, 
inasmuch  as  it  consists  in  variety ;  but  not  so  the  forces  of  the  same  parts,  or  the 
circumstance  that  they  are  intrinsically  and  naturally  inert  or  active,  for  the  forces 
only  excite  the  life  of  that  sense,  or  cause  taste  to  exist.  But  the  measures  or 
various  dimensions  of  parts,  merely  sharpen  or  blunt  tiiis  sense,  or  render  it  more 
or  less  distinct  or  obscure,  572.  Thus  the  figures  of  parts  cause  sense  to  be  in 
potency,  for  all  sense  consists  in  variation  of  modes.  The  forces  of  parts  cause 
sense  to  be  in  act,  or  to  exist  But  quantities  prescribe  timits  to  its  spheres ;  and 
if  it  transcends  these  limits,  it  becomes  obscure,  <Nr  foils  fipom  ezoesstve  subtlety, 
ibid.  But  the  larger  parts,  which  do  not  foil  under  the  sense  of  taste,  or  under 
savor,  in  the  tongue,  fidl  under  a  sense  more  akin  to  tondi :  and  firom  this  mixture 
of  senses,  an  additional  number  of  varieties  and  qiecies  of  this  sense  arise,  whscfa 
cannot  by  any  means  be  discriminated  distinctly,  574.  Tbe  piq>fllse  of  the  third 
class,  conicfle,  pyramidales,  or  villosse,  are  the  principal  sensoriola  of  taste  or  savor, 
577.  What  principally  distinguishes  taste  from  touch,  is,  that  die  papillK  of  taste 
are  discriminated,  but  the  papill«  of  touch  collected ;  and  thus  the  former  bring  out 
their  sense  separately,  but  the  latter  bring  out  theirs  conjointly,  579.  But  the 
papille  lenticulares,  as  well  as  the  papills  fungosse,  seem  to  possess  a  kind  of  inter- 
mediate or  obscure  sense  of  taste,  ibid.  The  cartilaginous  bodies  that  are  found  in 
the  tongues  of  certain  animals,  elevate  this  common  and  compound  sense  to  a  very 
great  degree,  582.  There  are  three  universal  species,  or  superior  genera,  of  the 
sense  of  touch,  each  of  which  has  its  allotted  regions  and  provinces  in  the  Mving 
body.  The  first  genus,  and  the  most  general,  prevails  all  over  the  droomforance, 
and  is  properly  called  touch,  583.  The  second  genus  prevails  in  the  innennost 
parts  of  the  body,  beginning  fh>m  the  tongue ;  namely,  in  the  oesof^uigus,  the 
stomach,  the  intestines,  and  in  fine  in  all  the  organs  of  the  inforior  rogion,  or  vis- 
cera of  the  abdomen.  Hus  sense,  on  its  first  threshold,  is  called  taste,  583.  This 
sense  has  the  office  of  taking  cognizance  of,  and  exploring  the  whde  of  whaet  is 
taken  by  the  mouth  for  the  purpose  of  serving  as  nutrition  to  the  body,  and  prin- 
cipally to  the  blood,  585.  Hie  third  genus  of  this  sense  likewise  prevaUs  in  the 
innermost  parts  of  the  body,  but  beginning  from  the  nares ;  namely,  in  the  larynx, 
the  trachea,  the  lungs,  and  their  vesicles ;  consequently  in  the  organs  of  the  supe- 
rior region,  or  thorax.    Hiis  sense  in  its  first  entrance  is  called  smell,  ibid.    These 
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are  the  raperior  genera  of  this  tense,  whidi  speaking  generally,  is  named  touch ; 
but  with  respect  to  the  middle  genus,  which  is  properly  called  taste,  it  is  divided 
into  as  many  infierior  genera,  or  less  nniTersal  species,  as  there  are  viscera  of  the 
abdomen,  ibid.  These  species  are  divided  again  into  as  many  particular  differences 
as  there  are  unities  in  each  viscus.  So  that  there  are  as  many  specific  differences, 
as  viscera ;  and  as  many  particular  diffo'ences,  as  unities,  587.  From  the  variety 
of  the  particular  sensations  of  one  viscus,  a  common  sensation  arises ;  and  from  the 
variety  of  sensations  of  many  viscera,  a  still  more  common  sensation  arises.  And 
from  all  and  each  of  these  sensations  conveyed  by  the  fibres  to  the  cerebellum,  the 
soul,  by  means  of  this  sense,  here  apperceives  specifically  the  states  of  chylification, 
sanguification,  and  purification ;  in  a  word,  of  nutrition ;  and  according  to  tiie 
perception,  disposes  those  viscera  to  the  conservation  of  the  whole  and  the  parts, 
which  is  the  effect  and  use  that  this  sense  produces,  588.  But  at  the  first  point, 
where  the  tongue  is  affixed  to  the  oe  hyoides,  and  is  succeeded  by  the  pharynx  pre- 
fixed to  the  oesophagus,  this  sense  in  a  manner  flies  away,  and  betakes  itself  to 
another  sensorium,  tiiat  is  laid  in  the  oerabellum,  589.  From  taste  as  existing  in 
the  tongue,  and  the  idea  thereof  perceived  in  our  general  sensorium,  we  may  in 
some  measure  comprehend  how  this  sense  is  drcumstanoed  within  the  viscera,  ibid. 
This  sense  affects  the  soul  altogether  differentiy  to  the  manner  in  which  it  affects  the 
principles  of  our  general  sensorium  :  those  things  which  are  delightful  to  us  some- 
times affecting  the  soul  unpleasantiy ;  and  those  which  are  unpleasant  to  us  affecting 
the  soul  witik  delight ;  for  all  things  taste  according  to  knowledge  and  affection  result- 
ing therefrom,  591.  Moreover  in  the  tongue  itself  there  are  few  things  tiiat  fell 
under  our  perception  or  sensation,  ibid.  The  essential  and  innermost  impressions  of 
this  sense  report  themselveato  the  soul  alone,  593.    See  Tongtn,  J\meh, 

Tkvth,  the,  described  by  Hdster,  61. 

TxKMS.  All  new  arts  and  sciences  at  their  first  appearance  require  new  terms, 
269.  Transmutation  of  terms  is  necessary  when  rules  are  applied  to  different  sub- 
jects, 488.  The  inexpediency  of  wasting  much  time  or  pains  upon  alterations  in 
terminology,  II.,  193. 

Thirst  :  see  Himger, 

Thoracic  Duct,  the,  described  by  Hdster,  210.  By  Whislow,  211.  By 
Eustaddus,  212.  It  contracts  and  propels  the  chyle,  216.  It  runs  through  the 
general  axis  of  the  body,  and  through  mere  centres,  ibid.  Since  it  passes,  there- 
fore, through  continual  equilibria,  it  is  obedient  to  every  power,  whether  attractive 
or  propulsive,  217.  It  follows  the  movements  of  the  respiration,  217.  The  so- 
called  valves  at  its  moutii  are  merely  directing  planes,  219. 

Thorax.  The  three  great  cavities  of,  and  the  memben  in  them,  require  to  be 
lubricated  with  an  oily  halitus  and  unctuous  milk,  II.,  270.  See  To»te^  Thymut 
Gland. 

Thought  :  see  Jdeag,  ImagifnatUm^  InttlHffmee,  Experience  and  science^  apart 
from  the  (acuity  of  thinking  distinctiy,  are  instrumental  causes  witiiout  their  prin- 
cipal cause,  II.,  353.  This  faculty  arises  from  two  orden  of  conditions,  primary 
and  secondary,  354. 

Thymus  Gland,  the,  described  by  Hdster,  II.,  266.  By  Wlnslow,  267.  By 
Verheyen,  ibid.  See  Thorax,  It  is  placed  in  the  middle  of  the  stormy  regions  of 
the  thorax,  and  of  all  the  three  cavities  thereof,  in  order  that  it  may  pour  a  lacteal 
unguent  into  each,  271.  It  is  broken  and  jagged  as  beseems  a  channd  for  motions 
and  impulses,  and  why,  272.    The  cellular  tissue  surrounding  it  is  a  grand  and 
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general  dact  leading  both  into  the  cavity  of  the  pknra  and  into  the  cavity  of  the 
pericardiom,  273.  By  its  anprathoracic  portions  it  anoints  the  trachea,  oesophagus, 
carotids,  jugulars,  and  great  nerves,  275.  Its  humor  anoints  cmly  the  surfiioes, 
but  does  not  penetrate  into  the  substances  and  cavities,  since  it  is  only  an  external 
unguent,  ibid.  The  thymus  overhangs  and  stands  at  the  head  of  its  great  cavities 
and  members,  276.  The  activities  of  its  viscera  are  the  exciting  causes  that  deter- 
mine the  quantity  of  its  excretion,  ibid.  The  latter  is  not  intruded  on  the  viscera, 
but  invited  by  them,  277.  And  this  also  vrith  respect  to  quality,  278.  The  state 
of  the  thymus  in  the  embryo,  280.  The  assailant  motions  of  the  lungs  cause  it  to 
waste  after  birth,  and  why,  ibid.  See  Glandt,  As  life  advances,  the  office  of  the 
thymus  is  distributed  to  glands  on  the  pleura  and  pericardium,  282.  In  the  foetal 
state,  the  thymus  secreted  a  serum  firom  the  blood,  and  thus  purified  the  Utter,  288. 
As  a  corculum,  it  circulated  this  serum,  and  thus  served  as  a  companion  in  office  to 
the  succenturiate  kidneys,  290.  It  advanced  the  purified  blood  into  the  veins  throu^ 
a  brief  circle,  according  to  all  requirements,  291.  The  thymus  and  succenturiate 
kidneys  are  the  two  chambers  of  a  single  serous  heart,  ibid.,  and  327.  It  prepared 
and  laid  down  a  way  for  the  chyle  about  to  come  through  the  thoracic  duct,  and  how 
and  why,  292. 

ToNOVS,  the,  described  by  Heister,  17.  By  Winslow,  21.  By  Malpighi,  26. 
Comparative  anatomy  of,  trom  Swammerdam,  29,  30.  ParticularB  respecting,  finom 
Boeihaave,  30.  Authors  to  be  consulted  respecting,  31,  32.  It  involves  more 
uses,  ends,  and  offices,  than  any  other  member,  35.  Its  primary,  propo-,  and 
natural  office,  is  sucking,  sipping,  eating,  and  drinking,  ibid.  The  tongue  is  a 
simultaneous  body ;  but  its  operations  are  divisible  into  successive  modes  and  actions, 
ibid.  These  successive  actions,  what,  35,  36.  The  tongue  nourishes  the  blood  by 
its  parts,  as  the  body  by  its  compound,  36.  The  parts  of  the  tongue  perform  the 
same  office,  not  only  as  the  tongue,  but  as  the  whole  series,  from  the  lips  to  the 
anus,  37.  The  existence  of  little  tongues  on  the  surface  of  the  tongue,  confirmed 
by  experience,  36,  37.  Tasting  is  the  second  office  of  the  tongue,  37.  Ihe 
mobility  of  the  tongue  and  its  parts  necessary  for  tasting,  37,  38.  Speaking  is  its 
third  office,  but  is  not  proper  to  it,  38,  77.  Persons  have  spoken  without  the 
tongue,  38.  By  speech  it  feeds  the  mind ;  by  eating,  the  body,  38,  39.  Therefore 
it  is  placed  in  a.oommon  relation  to  the  abdomen,  the  chest,  and  the  cerebrum,  39. 
It  has  many  other,  but  derivative,  offices,  ibid.  It  does  not  excrete  saliva,  but 
draws  saliva  to  it,  fh>m  many  glands  fiur  and  near,  by  suction,  39,  40.  See  Mai- 
pighi.  All  its  uses  involve  corresponding  structures;  and  a  fitting  order,  form, 
and  series,  41.  Its  muscles  so  balance  it,  that  it  is  ever  ready  to  obey  the  brain, 
41.  Subdivision  of  them  into  external  and  internal,  which  respectively  belong  to 
the  first  and  second  processes  of  eadng,  41,  42.  Those  of  the  oe  hyoides  belong  to 
deglutition,  42.  The  nerves  of  the  tongue  come  firom  three  sources,  and  have  three 
uses,  43.  The  tongue  is  associated  with  the  internal  ear  by  a  branch  of  the  fifth 
pair,  in  order  that  the  vmce,  in  its  conception,  may  be  in  unison  with  the  voice  as 
received  by  the  external  ear,  44.  The  papillse  of  the  tongue,  ibid.  The  glanduls 
AmgostB  or  capitats  are  organs  of  imbibition,  or  nutrition,  ibid.  They  r^resent 
the  functions  of  all  the  members  and  cavities  of  first  nutrition,  45.  The  gUmdulsB 
lenticulares  have  a  similar  but  finer  and  more  perfect  function,  ibid.  The  pi^illse 
conicK  are  sensoria  of  taste :  therefore  capable  of  all  possible  states  and  forms,  49. 
All  the  other  pq[>illfle  eigoy  a  rude  kind  of  sense,  49,  50.  There  is  more  of  the 
involuntary  than  of  the  voluntary  sphere  in  the  tongue,  51.    External  and  internal 
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causes  that  affect  the  tongue,  51,  52.  The  necessity  of  gradoated  membranes  in 
the  tongue,  54.  Community  of  affection  in  all  the  papiBse  thereof,  and  its  cause, 
ibid.  Association  of  diem  by  their  nerves,  55.  Necessity  of  perpetual  variety  in 
the  tongue,  ibid.  The  fitness  of  the  tongue  for  its  uses  is  determined  by  the  dis- 
tinctness of  its  structures  with  regard  to  each  other,  57.  The  extensive  field  from 
which  ftirther  particulars  must  be  gleaned,  ibid.  The  simpler  tongues  of  insects 
involve  the  simultaneous  performance  of  a  greater  number  of  actions  than  the  human 
tongue,  ibid.  The  tongue  has  two  means  of  enlarging  the  interval  between  it  and 
the  palate ;  one  proper,  the  other  common,  76.  When  it  is  about  to  speak  or  sing, 
it  conspires  with  the  whole  mouth,  face,  larynx,  trachea,  and  chest,  77.  It  guides 
sounds,  ibid.  When  it  is  about  to  eat,  it  conspires  with  the  whole  mouth,  face, 
chest,  and  abdomen,  78.  When  it  is  about  to  drink,  the  palate  particularly  con- 
spires  with  it,  79.  The  sphere  of  action  of  it  and  the  palate  extends  to  the  linea 
alba  of  the  pharynx,  95.     See  Tatte, 

Touch  :  see  Sim.  Touch  expresses  and  represents  the  other  senses  as  it  were  in 
a  grand  type,  particularly  taste  and  smell ;  for  these  senses  agree  with  touch  in  their 
fibres  or  papillte,  II.,  447.  And  taste  and  smell,  like  touch,  are  excited  by  corpus- 
cules,  endowed  with  vis  inertim,  that  stamp  a  figure  of  themselves  upon  the  little  pa- 
pillary forms,  449.  The  case  is  different  with  sight  and  hearing,  the  organs  of  which 
are  accommodated  to  the  modification  of  the  auras,  and  therefore  do  not  receive  the 
impulses  of  inert  forces,  but  the  forms  of  active  forces,  ibid.  Nevertheless  these 
senses, — namely,  taste,  touch,  and  smell, — are  different  from  each  other  in  nature 
and  character ;  this  being  proved  by  the  origin,  degree,  effect,  and  use  of  each,  as 
well  as  by  the  evidence  of  our  own  feelings,  450.  As  well  as  from  the  circumstance, 
that  touch  is  present  distinctly  in  the  organs  of  all  the  other  senses,  and  governs  in  a 
general  manner  as  it  were  with  them  as  companions,  451.  In  touch  we  have  also  a 
type  of  that  sensation  by  which  the  viscera  are  affected  in  their  innermost  parts,  par- 
ticularly the  viscera  of  the  abdomen,  as  the  oesophagps,  the  stomach,  the  intestines, 
the  ureters,  the  bladder ;  where  similar  papillary  fibres  are  seen,  which  are  pressed 
by  tactile  objects  of  a  not  dissimilar  character,  ibid.  Everything  in  the  body  derives 
its  life  from  touch,  ibid.,  and  462.  But  since  the  papillary  forms  of  these  viscera  do 
not  depend  upon  fibres  originating  in  the  cerebrum,  but  upon  fibres  originating  in 
the  cerebellum,  hence  the  touches  in  them  do  not  reach  the  consdonsness  of  the 
general  sensorium,  that  is,  of  our  innermost  sensorium,  453.  Touch  is  commonly 
excited  by  contiguous  objects  that  strain  the  connexion  of  the  parts,  and  especially  of 
the  fibres,  in  the  organic  body ;  or  influence  their  position,  order,  and  series,  and 
thus  change  and  invert  their  states,  properties,  and  functions,  459.  Not  only  in  the 
papillary  cutis,  but  in  every  fibrous  and  vascular  texture  whatever,  particularly  in  the 
periostea,  the  peiichondria,  the  dura  and  the  pia  mater,  the  part  under  the  nails : 
therefore  also  in  the  sensorial  organs,  as  in  the  tongue,  the  nares,  the  ear,  and  the 
eye,  462.  In  the  papillary  organ  of  the  cutis,  as  in  a  mirror,  we  may  contemplate 
the  sense  of  touch,  and  see  the  nature  of  that  sense,  and  vice  vend, ;  the  one  being 
exactly  represented  in  the  other,  524.  We  see  frx>m  this  papiUary  organ,  that  die 
papiUs  that  rise  through  the  foramina  of  the  corpus  reticulare,  represent  the  unities 
of  our  touch ;  and  that  by  the  mutual  apposition  of  these  unities,  and  their  orderly 
association,  an  organic  form  is  produced,  which  is  the  organ,  or  as  it  is  commonly 
called,  the  sensorium  of  touch.  The  scales  of  the  epidermis  regulate  and  temper  the 
sense  to  suit  every  use  that  can  possibly  be  intended  in  these  extremes,  525.  From 
these  considerations  it  appears,  that  touch  is  the  most  obtuse  and  indistinct  of  all  the 
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senses ;  and  more  obtuse  and  indistinct  in  proportion  as  a  larger  nnmber  oi  papillae  is 
pressed,  or  affected,  at  the  same  time,  ibid.    Bnt  tins  sense  may  be  rendered  more 
acute  and  distinct  in  yarious  wajs  ;  nay,  it  is  actually  more  distinct  whererer  nae 
demands  it,  527.     In  touch,  as  in  all  the  other  senses,  there  is  first  an  imprearioii, 
involying  in  it  an  action,  either  from  some  inert,  or  from  some  active  force,  that 
oomea  frx>m  without.    Next,  answering  to  the  impression,  a  mutation  in  tiie  excited 
part  of  the  sensorial  organ ;  and  henoe  a  reaction  corresponding  to  the  action.    Then 
a  perception  of  the  mutation  in  the  general  sensorinm,  gifing  rise  to  a  sensation. 
Forthwitii,  according  to  the  perception,  there  arises  an  affection :  according  to  the 
affection,  a  disposition  to  the  preservation  of  the  part  or  the  whole ;  or  a  chang;e  of 
state  in  agreement  with  the  affection :  then  an  effect  embodying  tiie  use  tliat  the  sen- 
sation produces,  528.    The  papiUie  are  expanded,  extended,  and  soften,  when  they 
come  in  contact  with  a  pleasant  object ;  but  are  constricted,  retracted,  and  hard^i, 
when  they  come  in  contact  witii  an  unpleasant  object,  531.    Whaterer  soothes  the 
parts  and  cements  their  uni<m,  is  pleasant ;  but  wfaaterer  twinges  and  destroys,  is 
unpleasant,  532.    The  objects  that  imprint  their  image  upon  the  papillary  OTgan, 
or  induce  mutations  upon  it,  are  many  in  number,  both  bodies  or  substances,  and 
accidents  and  modes,  wilii  their  degrees  and  momenta :  to  wit,  all  things  whatever 
that  change  and  affect  the  natural  state  of  the  organ  or  its  parts,  533.    In  order 
that  objects  may  be  properly  known,  touch  is  instructed  by  sig^  and  «ic«  versd, 
sight  by  touch,  535.    Besides  the  affections  arising  from  external  sensations,  there 
are  also  affections  from  internal  causes,  iHiich  Tary  our  senses,  and  toudi  particularly, 
in  a  wngi^Ur  manner,   538.    Touch,  like  tiie  other  senses,  does  not  indicate  the 
essence,  form,  and  nature,  that  objects  hare  inwardly,  but  only  that  they  hare  out- 
wardly ;  consequently  only  their  figure  or  external  form ;  wherefore  experience,  art, 
and  study  are  necessary  to  explore  these  ol^ects  more  thoroughly,  539.    Each  pa- 
pilla, which  represents  a  unity  of  our  touch,  consists  of  fibres,  or  simpler  papillB ; 
consequently  each  unity  of  our  touch  arises  from  other  most  minute  unitiei,  541. 
From  these  fibres,  which  are  the  parents  or  unities  of  the  papillae,  tiie  sense  of  toodi 
derives  its  distinctive  generic  diaracter,  542.    The  objects  of  touch  induce  mutations 
not  only  upon  Ae  common  series  or  form  of  tiie  papillc,  but  also  upon  tlie  parent 
fibres  of  each  papilla ;  and  in  hct  more  considerable  and  distinct  mutations  in  pro- 
portion as  the  organic  forms  are  more  perfect,  543.    We  may  see  by  calculation  how 
many  myriads  of  mutations  constitute  one  particular  of  toudi,  547.    The  mutations 
that  exist  among  the  fibres  in  each  papilla,  give  the  real  essence  and  life  tiiat  there  is 
in  this  sense,  548.    These  mutations  that  exist  within  each  piqpilla,  are  most  dis- 
tinctiy  presented  to  the  soul,  which  alone  gives  the  power  to  feel ;  and  this,  according 
to  the  organic  form  in  which  tiie  soul  has  disposed  and  combined  the  fibres  and  papille, 
549.   From  these  considerations  it  is  manifest,  that  tlie  sensorio-organic  form  of  toudi 
is  twofold :  namely,  one  form  simple,  the  other  compound ;  and  that  the  oomponnd 
arises  from  the  simple :  but  yet,  although  the  form  iq>pears  double,  it  is  nevertheless 
one  in  this  respect,  that  both  its  dements  together  produce  tiiis  sense.    Also  that  the 
simple  or  fibrillary  form  immediatdy  refers  its  modes  of  sensation  to  nature,  or  to 
the  soul,  in  which  tiiat  nature  is  involved ;  but  that  the  compound  or  papillary  form 
immediately  refers  its  modes  to  tiie  general  sensorium,  or  to  our  understanding,  to 
which  sudi  sensorium  is  assigned,  550.    The  soul  has  so  organised  the  body,  that  it, 
namely,  the  soul,  is  conscious  by  means  of  the  senses,  and  by  means  of  touch  par- 
ticularly,  of  whatever  happens  in  its  extreme,  that  is,  outermost  and  innermost 
spheres,  as  well  as  in  its  intermediate  sphere ;  in  order  that  from  the  first  moment  of 
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bodfly  Hfe  to  the  Ust,  it  may  keep  all  and  amgular  tfamga  under  its  auspices,  and 
dispose  them  according  to  contingencies,  ibid.  If  any  particle  in  the  lining  fabrics 
of  1^  body  be  destitate  of  the  sense  of  touch,  it  is  also  destitate  of  life,  554.  The 
uses  of  touch  are,  to  peroeive  all  changes  of  state  occurring  in  the  circumambient 
world,  and  communicate  them  to  us :  and  thus  to  keep  both  watch  and  ward ;  to 
notice  whaterer  happens,  and  by  means  of  its  organ  placed  on  guard,  to  protect,  at 
tiie  same  time  ^lat  it  institutes  communications,  555.  To  announce  to  the  under- 
standing whaterer  comes  in  contact  with,  assails,  or  beats  against  the  skin ;  what  it 
is,  its  quality  and  quantity,  and  where  it  comes  from ;  so  as  to  allow  that  fiumlty, 
fktMn  the  evidence  of  the  impression,  to  judge  of  what  is  intmded ;  and  at  the  sama 
time  to  put  the  body  either  in  a  state  of  protection,  or  in  a  way  of  taking  advantage 
of  the  thing,  and  receiving  benefit  from  it,  556.  Touch  also  admonishes  the  organs 
of  taste  and  smell  of  the  existence,  quality,  and  quantity  of  that  which  is  either 
taken  in  openly,  or  glides  in  furtively,  and  which  those  organs  are  shortly  about  to 
explore  in  a  different  manner  by  their  senses,  ibid.  That  those  which  appear  to  be 
the  ultimate  qualities  inherent  in  things,  may  be  known,  and  be  denominated,  ac- 
cording to  this  sense,  and  its  perceptions  and  affections,  557.  To  announce  to  the 
soul  the  subtle  particles  that  wash  against  the  little  mouths  of  the  pores  of  the  skin, 
and  that  will  serve  as  aliment  to  recruit  the  organic  principles,  and  therewith  the 
higher  life  of  the  body,  558.  That  the  parts,  and  the  series  constructed  of  parts, 
or  the  members,  may  be  excited  by  the  irritation  of  touch,  botii  to  undertake  and 
go  through  their  functions,  559.     See  Taste. 

Trachea.  Described  by  Heister,  II.,  87.  By  Wlnslow,  88.  Particulars 
respecting,  from  Morgagni,  91.  From  Bo^haave,  92.  There  is  no  difference  be- 
tween the  trachea  and  the  lungs,  except  such  as  there  is  between  the  general  and  the 
parts,  or  between  continuous  and  discriminated  quantities,  93.  The  proper  uses  of 
the  trachea  are  the  common  uses  of  the  lungs  and  the  larynx,  94.  The  tracheaafforda 
a  channel  for  the  atmosphere,  and  for  the  breath  of  the  lungs,  to  pass  and  repass, 
and  accommodates  itself  to  all  the  numerous  and  diversified  modes  of  action  of  the 
kmgs,  both  in  inspiration  and  in  expiration,  95.  In  no  part  do  so  many  motions 
meet  as  in  the  trachea,  96.  Its  cartilages  may  be  termed  the  cervical  or  tracheal 
ribs,  99.  It  examines  and  corrects  the  air  that  is  about  to  pass  into  the  lungs,  and 
prevents  anything  hurtful  from  entering,  ibid.  In  moistening  the  trachea,  as  in  all 
nature's  operations,  there  is  a  general  and  a  particular,  vix.,  general  and  particular 
glandular  springs,  100.  It  impregnates  with  vapors  the  air  that  is  passing  out : 
thus  it  entangles  effete  exhalations,  and  prevents  the  contiguous  parts  from  being 
iigured  thereby,  101.  The  trachea  likewise  in  a  general  manner  clears  the  lungs 
from  viscid  phlegm  by  expectoration,  ibid.  It  serves  as  a  pillar  and  support  to  the 
larynx ;  and  adapts  itself  exactly  to  the  beck  and  nod  of  the  latter,  and  to  its  tremu- 
lous vibrations,  103.  It  disposes  the  parietes  of  its  canal,  so  that  the  air  may 
impinge  upon  them ;  and  stretches  or  tightens  its  membrane,  so  that  when  the  air 
impinges  the  membrane  may  tremble ;  and  thus  excites  the  rudimentary  sound,  for 
the  larynx  afterwards  to  form  into  singing  or  speech,  that  is,  to  modify,  104.  In 
the  trachea,  the  tremblings  proceed  according  to  true  natural  order,  from  purer  to 
grosser,  correspondently  to  the  membranes,  105.  It  moistens  tiie  larynx  con- 
tinually with  a  vapory  dew,  106.  It  aids  and  assists  its  neighbor,  the  cesophagus, 
in  the  office  of  deglutition,  107.  The  reason  why  the  tracheal  nerve  is  recurrent, 
and  why  the  par  vagum  does  not  immediately  approach  the  trachea,  109.  The 
VOL.  II.  Z  Z 
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tncbes  Swida  aad  rfnrei  the  ttfiray  hamot  puMWiliiigi 
proportioD  bctweeu  itaelf  aad  die  cMoptMy.  aujutdkig  to  Ae  i 
110.  It  »  the  gmd  nfwplMgfl  flifiwy  glaad«  111.  It  pom  Oe  altEraate  le- 
•pmtofy  motiom  oi  ne  Im^  wta>  toe  fig.lil>otiBg  pots,  md  tfcti'iiby  into  tne 
remote  and  nltnulie  paits;  nimrly,  into  tke  cejoptMy.  md  ttereiiy  into  tlie 
ftomach,  and  to  into  tke  vinen  of  the  abdoaMB:  abo  into  Ae  gretf  syBpadietic 
nerret,— the  intercoatal  and  the  par  Tagna  :  and  into  tbe  aaoenfing  carotid  arterj 
and  die  deseen^ng  jngvlar  Tcin;  and  dieteliy  into  Ae  — ipuaal  ajateai :  dns  it 
renomtes  die  raotire  life  of  die  body.  111 — 116.  It  inanwles  into  the  neig^ibonng 
parts,  and  thereby  into  all  other  parts,  faigfa  and  lov,  its  own  aoDorona  trembling*, 
as  wen  as  dioee  of  die  larynx:  dms  it  excites  die  arterial  Uood UMiuiting  to  the 
bead  and  brain,  and  the  renoos  blood  rrtnming  from  the  bend  and  brain,  togedier 
widi  the  ear,  the  companion  in  oflioe  of  the  tndtea,  aad  exhilarates  and  aniwiatrB 
them  by  a  general  modification  :  thus  it  renorates  the  sensoal  life  of  the  body,  116— 
119.  See  Blood,  The  tremblings  propagated  from  the  larynx  aad  trachea  are  the 
most  intense  where  the  thoracic  duct  enters  the  sobdarian  vein,  119.  TW  trachea 
represents  in  itidf,  as  in  an  image,  bow  every  member  of  this  body  or  kingdom 
tires  for  an  the  odier  members,  and  not  for  itadf  alone,  ibid. 

Tnnrs :  see  8erie$. 

Tritth  is  the  sovoe  of  wisdom,  1.  Erery  truth  is  a  combination  of  an  infinity 
of  other  truths,  2.  The  more  nameroos  the  troths  that  go  to  form  one  troth,  the 
brighter  is  its  light,  ibid.  A  troth  is  nerer  opened  widioot  an  infinity  of  others  being 
opened  also,  3.  Troth  in  man  is  according  to  his  order  and  state ;  hence  the  troths 
in  the  rationd  mind  do  not  deserve  to  be  called  troths,  hot  principles,  ibid.  Two  ways 
for  diBcorering  troth ;  synthesis  and  analysis,  ibid.  See  Analymt,  Symtkent.  The 
power  of  perceiring  troths  a  priori  bdongs  to  God  and  spiritoal  beings,  but  not  to 
man,  6,  and  II.,  346,  352.  In  proportion  as  we  ascend  to  troths  by  the  pn^wr 
means,  troths  descend  to  os,  I.,  8.  Parity  of  mind  and  respect  of  nmrenal  ends 
are  necessary  for  the  discovery  of  troth,  8.  Plato's  experience  on  the  sobject,  8,  9. 
Even  the  troths  legitimately  explored  by  analysis  are  only  i^jpearanees  of  tmth,  9. 
The  sool  is  in  the  sphere  of  troths,  10.  Hie  signs  that  accompany  the  troth  to  dmn 
that  receive  it,  II.,  360. 

Umbilicus.     It  is  a  centre  of  gravity  to  all  the  tonics  of  the  body,  466. 

Unitiks,  what ;  exemplified  in  the  moscles  and  glands  of  the  tongoe,  $3.  All 
things  are  related  to  their  onities,  ibid.  Any  series  may  be  assomed  as  a  onity,  ibid. 
See  Leoiti,  Organic  Forms,  Simplea,  Every  form  or  series  has  its  proper  onities, 
II.,  465.  All  accidents,  modes,  &c.,  have  their  unities,  467.  Unities  are  noble  in 
proportion  to  the  priority  and  height  of  their  origin  and  extraction,  ibid.  Unities 
are  not  to  be  onderstood  as  indivisible,  bot  as  those  dungs  that  are  die  least  in  eadi 
series,  and  enter  its  form  as  its  essential  parts,  and  whidi  are  proper  to  it,  and  woold 
not  soit  any  other  series  or  form  if  they  were  applied  to  it,  466.  Different  kinds  of 
onities  may  coexirt  in  one  viscos,  ibid.,  and  482.  It  is  impossible  to  arrive  at  a 
knowledge  ci  the  ose  of  the  viscera,  onless  at  the  same  time  of  their  onities,  467. 
Unities  are  predicated  of  the  g^reatest  things  as  well  as  of  the  least,  468.  The  onities 
of  homan  society  are  men,  tiios  entire  bodies ;  the  onities  of  the  moscolar  system  are 
entire  moscles,  ibid.  Unities  generally  ascend  to  the  third  series  of  composition, 
bot  sometimes  rise  no  higher  than  the  second,  sometimes  as  high  as  the  foorth,  470. 
Compositions  are  homogeneoos  with  their  onities,  475.     See  OmHgwmt  Thingt, 
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Effects  and  operatioiis  go  no  higher  than  to  unities,  and  from  them,  482.  Unities  are 
centres,  whererer  in  their  viscas  they  are  situated,  485.  The  fibres  with  the  vessels 
infuse  into  the  unities  of  organs  tiieir  po$9e  and  esse,  or  potency  and  essence,  490. 

Univkhsal  :  see  Cteneral,  Every  universal  derives  its  nature  from  singulars, 
194.  A  univeraal  is  that  which  exists  and  acts  universally  in  the  whole,  and  in  all 
parts  of  the  whole,  487.  In  the  human  microcosm  the  soul  is  such  a  universal,  488. 
Every  whole  has  its  proper  superior  universal,  inferior  universal,  and  ultimate  uni- 
veraal, ibid.  The  three  universals  in  the  human  body,  what,  489  ;  II.,  425,  446. 
The  mode  of  derivation  of  the  lower  and  lowest  universals  from  the  higher,  what,  I., 
489;  II.,  446.  Hie  univeraal  gives  the  essence,  and  determines  it;  the  common 
bond  defines  and  bounds  it,  I.,  492.  In  proportion  as  essences  are  pure,  they  are 
universal  and  abundant,  II.,  434.  There  are  three  universal  essences  that  govern 
the  body,  vis.,  the  soul,  the  animal  spirit,   and  the  blood,   440.     See  Skin, 

Univbbsb.  Everything  in  its  first  principles  represents  the  universe,  173.  The 
body  is  a  kind  of  universe,  193.     See  Leasts,  Microcosm* 

Uretbbs,  the :  see  Kidneys. 

Urine  :  see  Kidneys,     It  is  continually  varying  in  all  its  conditions,  454. 

UsK  must  be  the  first  object  of  enquiry,  since  all  things  are  formed  according  to 
use,  33,  429.  The  use,  as  the  end,  first  of  all  manifests  itself,  since  it  is  continually 
present  and  involved  in  the  series  of  progression,  34.  Use  determines  the  harmony 
of  varieties,  56.  A  superior  universal  use  is  always  ultimately  respected,  240.  All 
parts  are  organized  for  use  and  by  use,  301 ;  II.,  462.  The  use  determines  and 
unfolds  the  reason  of  the  structure ;  but  the  structure,  apart  from  the  use,  does  not 
give  a  reason  for  itself,  save  as  interpretable  by  examining  numerous  effects  and 
causes  in  series,  I.,  341.  The  circle  of  uses,  what,  375,  378  ;  II.,  141.  The  series 
and  circle  of  causes  involve  a  corresponding  series  and  circle  of  uses,  I.  377.  See 
Cause,  mfect,  Efficient,  End,  There  is  a  similar  progression  of  uses  as  of  effects, 
ibid.  See  Circle,  Every  point  in  creation  flows  from  a  use,  and  tends  to  a  use, 
381,  409.  If  ^  use  of  a  viscus  be  unknown,  its  structure  must  be  opened,  and  the 
use  interpreted  therefrom,  and  how,  431.  If  the  use  be  known,  we  must  then 
enquire  into  the  series  of  subordination  existing  in  the  cause,  ibid.  All  things  should 
be  examined  not  only  with  a  view  to  their  situation  and  connexion,  but  also  to  their 
particular  uses,  462.  We  are  to  enquire  how  use  brings  forth  use,  smce  there  is  a 
chain  of  all  things,  II.,  141.  Such  is  the  progression  of  uses,  that  effects  return  by 
an  incomprehensible  gyre  to  their  first  end,  362.  Were  it  not  for  the  animal  king- 
dom, nothing  that  the  terraqueous  world  produces  could  be  said  to  minister  a  use, 
362.  The  cuticle  is  modified  in  exact  correspondence  to  use,  393.  In  unfolding 
uses,  we  must  take  account  of  contents  as  well  as  continents,  430.  See  Organic 
Forms,  There  are  as  many  mirrors  of  uses,  or  of  progression  from  the  first  end  to 
the  last,  as  tiiere  are  organs  and  viscera,  and  parts  thereof,  464. 

Uvula,  the,  described  by  Heister,  II.,  4.  By  Winslow,  8.  It  gives  the  velum 
palati  full  power  of  accommodating  itself  to  the  actions  of  the  tongue  and  pharynx  in 
eating  and  swallowing,  36.  It  assists  the  velum  when  the  larynx  is  articulatmg  and 
the  tongue  regulating  sound,  37.  Why  not  found  in  brutes,  ibid.  It  determines  the 
humor  of  the  nares  towards  the  pharynx,  ibid. 

Vabibtt:  see  Distinction,  Kidneys,  Organic  Forms,  Tongue,  Urine,  No 
society  can  exist  among  absolute  peers  or  equals ;  there  must  be  a  perpetual  diversity 
of  members,  II.,  363.  The  amazing  variety  of  the  perspirations,  II.,  391,  416. 
Unity  supposes  variety,  and  perishes  in  equality,  478.    One  thing  joined  to  another 
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with  becoming  yariBty,  remarkably  ezalti  the  life  of  sensatiaBs,  533.    The  senaoria 
are  fiuhioned  for  infinite  varietiefl,  ibid. 

Vbins,  the  generation  of ,  in  the  fabcntaneons  g^andi,  II.,  417,  418.  Tlieir 
paaaire  and  female  nature,  417.  See  ArierieM,  Vtmelt.  Tlie  yeios  demand  bade  the 
embodiment  of  the  blood,  I.,  447.     See  LjfmpkaHei, 

Vbna  PoBTiB,  the,  deacribed  by  HeSater,  256.  It  ia  a  aewer  and  twind  gnlf  of 
humora,  279.     It  dividea  them  into  three  apeciea,  281.     See  Lwn: 

VB88KL8,  the  coata  of  the,  and  their  floida,  are  mntoally  determinant  of  each 
other,  219.  Where  the  Teaaela  end,  there  diey  alao  begin,  283.  Sae  Arierim, 
Veim. 

Viacus.  Anj  atate  or  animua  induced  <m  the  braina,  ia  induced  oo  the  fibna, 
and  henoe  on  the  Tiacera,  139.  There  are  aa  many  apheree  aa  liacera,  193.  AU  the 
▼iacera  are  chemical  organa,  235.  All  viaoera  deaigned  for  the  aeparation  of  con- 
creted partidea,  require  to  be  dirided  into  lobea,  united  by  UgaoMnta,  and  parted  by 
fisaurea ;  in  order  that  everything  may  be  done  tranquilly,  296.  Thoae  Tiacera  Hiat 
are  employed  generally  in  a  aimilar  office,  constitute  oorporaliona,  429.  Tlie  Tiaooa 
take  different  and  unequal  quantitiea  of  blood,  430.  The  mutability  of  atate  of  the 
Tiacera,  ibid.  The  uae  of  many  Tiacera  ia  ahewn  by  their  ultimate  effscts,  not  by 
their  structure,  ibid.  The  abdominal  riacera  are  analogoua  to  the  earth ;  the  thoracie 
preaa  and  actuate  them  aa  the  atmoepherea  preaa  and  actuate  the  eartii,  526. 

VoicB.  Diatinction  between  sounding,  ainging,  and  apeaking,  II.,  50.  CSumge 
of  voice  from  puerile  to  manly,  77. 

Will  :  aee  Nature,  Soul,  The  will  acta  for  the  most  part  from  the  decrees  of 
the  senses,  the  blood,  or  the  body,  205.  The  wfll  alone  ia  oura,  397.  Tlie  quality 
of  an  individual,  when  predicated  of  himsdf,  la  predicated  really  of  his  will,  397. 
AU  the  voluntary  motions  are  actiona  different  from  natural  action,  II.,  102.  If  the 
will  alone  ruled,  all  thinga  would  periah  in  leas  than  a  moment,  338.  Tlie  will  is 
free,  365. 

WiNSLow,  THE  roBAMBN  OF.  The  spot  whcrc  it  is  situated  is  the  c(mimon 
hinge  of  the  abdominal  viscera,  386.  The  exudation  given  out  there,  diffiiaea  ttadf 
continuously  along  all  thdr  coats,  ibid.  This  spot  is  the  centre  of  die  motions  of  the 
viscera,  ibid. 

World.  The  world  sustains  tiie  orders  and  states  of  our  bodies,  aa  a  oommon 
auxiliary,  II.,  386. 


Digitized  by  VjOOQ IC 


APPENDIX. 


AN  ACCOUNT  OP  SWEDBNBORO'S  PHYSIOLOGICAL  MANUSCRIPTS  IN  THB 
LIBRARY  OP  THB  ROYAL  ACADBMY  OP  SCIBNCBS  OP  STOCKHOLM.  BY 
DR.  J.  B.  SVBDBOH,  LIBRARIAN  TO  THB  ROYAL  ACADBMY  OP  SCIBNCBS 
OP  STOCKHOLM,   PH.  D.,  A.M. 

Thb  fbttowing  itatement  is  <iie  result  of  an  inTestigation  undertaken  for  the  porpose 
of  replying  to  Mr.  Wilkinson's  question, — **  Whether  the  MSS.  of  Swedenborg, 
oiainerated  in  the  prefece  to  the  '  Animal  Kingdom'  (pp.  ziii.  and  xiv.),  are  to  be 
foond  in  the  Library  of  die  Royal  Academy  of  Sciences  of  Stockholm  V*  It  appears 
best  to  give  an  answer  to  the  particnlar  details  of  the  question  separately,  adding 
certain  bibliographical  obsenrations,  in  order  to  enable  the  reader  to  form  an  idea  of 
the  contents  and  size  of  each  manuscript,  and  of  Ihe  amount  of  labor  necessary  for 
transcribing  it. 

1.  Fragmmtt  on  the  euljeet  qf  thi  Economy  qf  the  Animal  Kingdom^  and  os 
the  eubject  qf  the  Animal  Kingdom  itself f  among  which  is  a  TYeatise  on 
the  Parts  qf  Generation  in  both  sexes,  and  on  the  process  qf  Generation. 

Among  Swedenborg's  manuscripts  preserved  in  this  library,  there  is  one  in  folio, 
the  title  of  which,  a  considerable  portion  of  the  beginning,  and  the  end,  are  wanting ; 
but  the  matter  seems  to  agree  with  the  title  given  above.  This  book  contains  various 
treatises,  each  with  some  number  and  title  prefixed  to  it.  The  leaves  are  not  regu- 
larly numbered,  but  distinguished  in  some  cases  by  numbers,  in  o&ers  by  letters. 
The  book  begins  with  a  page  marked  u  u,  in  the  mid(fle  of  the  twenty -second  trea- 
tise, as  it  would  appear  from  what  follows.  The  other  treatises,  of  which  but  little 
seems  to  be  wanting,  are  as  follow  : — 23.  The  Periosteum,  p.  vi.  24.  The  Mamnue, 
p.  zH.  25.  The  Ear  and  Hearing,  p.  xxiz.  The  end  of  this  treatise  is  wanting, 
together  with  the  title  and  beginning  of  the  next  treatise,  but  which,  to  judge  from 
what  iB  left  of  it,  seems  to  have  been  headed, — ^26.  The  Eye  and  the  Sense  of  Sight. 
Of  this  treatise  tiiere  remain  p.  xl.,  but  the  end  of  it  is  wanting.  27.  Hie  Spermatic 
Artery,  p.  x.  28.  The  Testes,  Epididymes,  &c.,  p.  xv.  29.  The  Scrotum,  p.  v. 
30.  The  Vasa  Deferentia,  p.  vi.  31.  The  Vesiculte  Seminales,  p.  xvii.  32.  The 
Prostate  Gland,  p.  vii.  33.  The  Urethra,  p.  viii.  34.  The  Pdus  and  Corpora 
Cavernosa,  p.  xvi.  35.  Tlie  Semen,  p.  viii.  36.  The  Membra  Oen.  MuHerum  ext., 
p.  xi.  37.  The  Uterus,  p.  xvi.  38.  The  Ovaries,  p.  iv.  39.  The  Fallopian  Tubes, 
p.  viii.  40.  The  Uterus  (a  second  treatise),  p.  xiii.  41.  The  Placenta,  p.  xv.  42. 
The  Chorion,  Amnion,  and  Liquor  Amnii,  p.  x.    43.  The  Umbilical  Cord,  p.  ix. 
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44.  Conjectures  reepecting  the  State  and  earEest  Stages  of  the  Embryo,  p.  tU.  Next 
we  haye,  in  the  same  vohmie»  Tarkms  excerpts  from  the  works  of  other  authors  re- 
specting certain  animals. 

The  heirs  of  Swedenborg,  who  deliTered  his  books  and  manuscripts  to  the  Rojal 
Academy  of  Sciences,  in  the  catalogue  whidi  accompanied  their  letter  of  donation, 
state  that  the  abore  treatises  are  fragments  of  the  books  entitled  *'(£conomia 
Natoralis"  (so  they  write  it),  and  **  Regnwn  Animale."  In  the  course  of  reading 
and  comparing,  I  have  found  that  the  style  of  treatment  is  the  same  as  that  adopted 
by  Swedenborg  in  his  *'  CEconomia  Regni  Animalis  ;"  in  so  fiur  as  this  at  least,  that 
the  fkcts  and  experiments  of  tiie  learned  are  first  premised,  and  the  author's  own 
sentiments  unfolded  afterwards,  under  the  heading  "  Induction." 

The  greater  part  of  the  contents  of  tins  volume  is  dosdy  written,  and  will  be 
difficult  to  read  or  make  out. 

2.  The  Animal  Beonomjft  femmitmg  qf  TVeo/iset  rupecHng  both  partt  qf 
Man,  retpeetinff  the  Cerebrum,  the  Medulla  Oblongata  and  Medulla  l^nnalit, 
and  reepecting  the  nenfee,*J  eoniidered  analytieallgf  phgeicallg,  and  philo- 
eophiealfy,  &c.,  p.  760. 

There  is  a  book  in  4to.  bearing  this  title,  but  the  title  is  crossed  out  with  the  pen, 
and  does  not  seem  to  correspond  with  the  contents  of  the  book.  Thus  the  latter 
contains,  in  various  places,  the  Author's  Diary  [Itinerarium']  from  1733  to  1739, 
with  a  brief  description  of  his  travels  from  1710,  written  partly  in  Latin,  partly  in 
Swedish :  also  extracts  frtmi  various  authors  cm  physical  and  philosophical  subjects  : 
a  treatise  on  "  The  Mechanism  of  the  Soul  and  the  Body,'*  respecting  iHiich  see 
below  (3),  &c.  It  appears  from  the  Catalogue  mentioned  above,  that  this  volume 
<mce  contained  760  pages,  whereas  it  contains  now  only  714. 

(Respecting  the  treatises  whidi  we  have  elsewhere,  written  by  Swedenborg,  on 
the  **  Cerebrum,"  &c.,  see  below  under  the  head  Additions  I.  and  II.) 

3.  The  Meehaniem  qf  the  Soul  and  the  Body. 

The  treatise  to  which  thu  designation  refers,  is  found  in  die  volume  last  men- 
tioned, of  which  it  occupies  pages  116  to  131.  It  is  written,  in  places,  in  a  hand 
somewhat  difficult  to  read.  From  the  kind  of  writing,  I  should  infer  that  this 
treatise  is  only  a  sketch  [adumbrationem'],  and  not  digested  into  the  form  of  a  frdly 
developed  work. 

4.  The  Animal  Spirit,  p.  24. 

5.  Sensation,  or  the  Passion  qf  the  Body,  Chap.  XIII. 

6.  Action,  Chap.  XXXV. 

In  the  4to.  volume  (2),  we  find  these  three  little  treatises,  as  well  as  certain 
others.  The  first  on  **  The  Animal  Spirit,"  is  in  24  pages,  and  XVII.  Chapters. 
The  second,  on  **  Sensation,  or  the  passion  of  tiie  Body,"  is  in  11  pages,  and  XIII. 
Chapters;  but  it  ends  with  the  heading,  Chapter  XIV.,  whidi  would  lead  one  to 
suppose  that  tiie  subject  was  not  finished.  The  third,  on  **  Action,"  is  in  30  pages, 
and  XXXV.  Chapters,  and  appears  to  be  complete.  These  little  treatises  are  easy 
to  read  and  make  out. 

(Bespecting  the  other  treatises  that  are  contained  in  the  same  book,  see  below. 
Addition  III.) 

*  Itapp««r«tb«tSwedfliiborgpttbUih«laUttkwork<ntU8mib!i«ct,eDtUkd,  " DiaMrUtionM  duedeFlbtmet 
Sneoo  Nerrowt"  Sro,  Bomb  1740^(Tr.) 
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7.  General  Senee,  and  ite  influx  into  the  Soul. 

I  find  this  title  given  in  the  Catalogue  already  referred  to,  as  belonging  to  some 
**  Fragment''  preserved  among  the  manuscripts  of  Swedenborg ;  but  in  the  coarse  of 
my  examination,  I  have  not  been  able,  at  this  time,  to  discover  any  treatise  so 
entitled  in  the  manuscripts. 

8.  The  Muaelee  qf  the  Face, 

9.  The  Human  Ear. 

These  are  two  treatises  having  the  above  titles,  both  contained  in  one  volume 
'  folio. 

The  treatise  on  the  "  Muscles  of  the  Face''  contains  13  pages  and  various  chap- 
ters, headed  separately :  as  for  example, — *'  The  Muscles  of  the  middle  region  of  the 
Face  ;**  "  The  Muscles  subservient  to  the  Nose,"  &c.  This  treatise,  however,  has 
not  the  appearance  of  being  fully  carried  out,  but  seems  rather  to  contain  the  out- 
line of  some  projected  dissertation.     It  is  closely  written. 

The  other  treatise,  on  **  The  Human  Ear,''  is  in  11  pages.  It  appears,  how- 
ever, that  this  treatise,  although  written  by  the  hand  of  Swedenborg,  is  not  of  his 
composition,  but  consists  only  of  certain  excerpts  from  a  work  by  J.  F.  Caasebohm 
("Tractatus  VI.  de  Aure  Human4,"  Halae,  1735).  But  Aere  are  two  manuscript 
treatises  by  Swedenborg  himself,  on  the  same  subject,  in  other  parts  of  this  collec- 
tion, but  with  different  titles.  The  one,  ''  On  the  Ear  and  Hearing,"  of  which 
mention  was  made  above  (1) ;  the  other  with  the  slightly  different  title — **  On  the 
Ear  and  the  Sense  of  Hearing ;"  and  which  latter  is  found  in  the  volume  of  which 
we  are  at  present  speaking.     (Respecting  this  second  treatise,  see  Addition  I.) 

ADDITIONS. 

I  might  here  have  brought  this  Memoir  to  a  close,  having  griren  answers  to  the 
best  of  my  ability,  to  all  Ae  particulars  of  the  question  proposed.  But  I  hope  it 
will  prove  agreeable  and  acceptable  to  iht  London  Society,  by  whose  efforts  and 
labors  so  many  of  the  writings  of  Swedenborg  have  been  published ;  and  particularly 
to  Mr.  Wilkinson,  who  is  now  engaged  in  publishing  a  translation  of  the  **  Animal 
Kingdom,"  if  I  proceed  a  little  further,  and  record  certain  observations  I  have  made 
in  examining  the  MSS.  of  Swedenborg,  and  which  have  a  dose  connexion  with  the 
design  of  the  London  Society,*  and  of  the  Translator  of  the  work  already  alluded  to. 

I.  While  occupied  in  scrutinizing  the  MSS.  of  Swedenborg,  (which  have  never 
yet  been  satis&ctorily  examined,  nor  indeed  could  be,  until  they  were  better  arranged,) 
I  chanced  upon  a  manuscript,  with  neither  title  nor  termination,  but  which,  never- 
theless, powerfWy  arrested  my  attention.  Like  many  others  in  the  Library  Cata- 
logues,  this  book  was  classed  under  the  general  designation  *'  Anatomica  et  Fhysio- 
logica,"  along  with  the  rest,  without  any  indication  of  its  subject  matter ;  nor  was 
there  a  trace  to  shew,  that  any  searcher  of  the  MSS.  had  hitherto  turned  his  attention 
to  it.  Throughout,  as  I  perused  it,  and  considered  the  contents,  I  was  led  to  the 
notion  that  it  contains  a  Continuation  or  the  **  Animal  Kingdom,"  unknown 
to  exUt,  80  far  ae  I  am  aware,  up  to  the  pretent  time  !  And  although  I  am  not 
sufficiently  versed  in  Swedenborg's  writings,  to  affirm  with  certainty  that  this  con- 
jecture is  well  founded,  yet  thus  much  I  will  say,  that  it  has  grown  in  probability  in 

*  Dr.  STcdbom  Is  not  aware,  that  the  "  Society  for  Printing  and  PabUahing  the  Wrlttnsa  of  Swedenborg.  insti- 
tttted  In  Londoo  tnlSlOi"  ia  exdiiilTCly  occupied  in  the  pnhlloationof  the  Theological  Worka  of  the  Author,  and 
dom  not,  as  a  body,  take  cognlsaace  of  any  other  department  in  Swedenborglan  Lttcratnie.— (Tr.) 
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proportion  as  I  have  examined  the  book,  and  compared  it  widi  the  treatifles  whidi 
Swedenborg  himself  pablished  on  die  tnbject  of  the  "  Animal  Kingdom*'  in  hia 
lifetime.  This  book  is  in  241  doedy-written  folio  pages.  It  begins  with  p.  1, 
Prologoe,  the  subject  matter  of  which  is  remarkably  similar  to  that  of  the  Prok>giie 
prefixed  to  the  '*  Animal  Kingdom,"  Part  III.  (London,  1745)  ;  although  the  two 
do  not  coincide  Terbatim ;  the  mannacript  Prologne  being  much  ftiUer  and  longer 
than  the  other.  Hie  treatise  which  follows,  from  p.  3  to  p.  241,  seems  to  embrace 
not  only  a  summary  of  the  subjects  contained  in  the  ''  Animal  Kingdom,"  Part  III., 
(briefly  stated  however,  and  only  the  results  indicated,)  but  also  a  good  part  of  thoae 
subjects  which  the  Author,  in  the  Index  of  Contents  of  the  whole  work  prefixed  to 
Part  I.,  promised  the  reader  that  he  intended  to  treat  of,  but  which  he  did  not  dere- 
lop  in  the  three  parts  which  he  himself  published.  In  proof  of  this,  we  have  the  fol- 
lowing titles  prefixed  to  the  several  treatises.  After  the  Prologue,  wfaidi  stands  as  n.  I., 
we  come  to  II.  Hie  Common  Trunks  of  the  Carotids ;  the  E!xtemal  Common  Branch 
of  (he  Carotid ;  The  first  External  Branches  of  the  Carotid ;  The  other  External 
Branches  of  the  Carotid.  (These  subjects  occupy  p.  3 — 1 1 .)  III.  Hie  Sense  of  Taste 
and  the  Tongue ;  Sense  in  G^eral  ;*  The  Sensorium  of  Taste  in  General  and  in  P^- 
ticular  (p.  12—31).  IV.  The  Sense  of  Smellf  (p.  32 — 13).  J  The  Sense  of  Touch,  or  tiie 
Layers  of  the  Sldn  leuticulis]  (p.  44 — 60).  The  Ear  and  the  Sense  of  Hearing  (p. 
61—83,  with  additions  on  p.  99).  Tlie  Eye  and  the  Sense  of  Sight  (p.  84 — 121), 
in  which  we  have  rarious  sub-titles ;  for  example.  Light  and  Colors ;  ihit  Muscles  of 
the  Eye ;  the  Coats  of  the  Eye,  &c.  Next  follow,  commencing  from  p.  122,  Phy- 
sical and  Optical  Experiments,  whether  by  Swedenborg  himself,  or  extracted  from 
die  writings  of  other  authors,  I  cannot  say.  Epilogue,  on  the  Senses,  or  on  Sensa- 
tion generaUy  (p.  129 — 150).  And  afterwards.  In  brief,  A  General  Statement  of 
the  Subjects  of  Sensation  and  Affection  (p.  150 — 159).  Next,  A  continuation  re- 
specting Harmonic  or  Musical  Laws  (p.  160 — 187).  In  the  course  of  which  we 
have  a  treatise  on  Speedi  (p.  185—187)  ;  next,  The  Understanding  and  its  Opera- 
tion (p.  187 — 196) ;  last,  an  Index  to  the  preceding,  filling  four  pages,  but  which 
are  not  numbered.  Then  follows,  Prefiice  to  the  Part  on  the  Brain,  but  prefixed  im- 
mediately to  the  first  chapter  (p.  198 — 202)  ;  also  Chapter  I.  The  Brain,  its  Struc- 
ture and  Motion,  and  Sensation  generaUy  (p.  202 — ^204).  The  fic^owing  heads  occur 
on  the  last-mentioned  page  (204)  : — Chapter  II.  The  Cranium,  and  the  Bones  of  the 
Cranium.  Chapter  III.  The  Dura  Mater,  and  the  power  (?)  of  production,  and  so 
forth ;  without  any  development  of  the  subjects  indicated.  Hiere  is  next  a  continu- 
ation of  the  dissertation  on  The  Structure  of  the  Brain  (p.  206—209)  ;  The  Func- 
tions of  the  Brahi  (p.  209 — 232) ;  and  a  Summary  of  the  same  (p.  232,  233).  The 
Dura  Mater  (p.  234—241). 

The  several  treatises  to  whidi  die  above  titles  refer,  do  not  appear  to  be  finished 
productions,  folly  reasoned  out,  but  rather  to  be  outlines,  which  the  author  intended 
to  develop  farther  at  a  ftiture  time,  and  digest  into  formal  dissertations.  Notwith- 
standing this,  the  autiior's  opinion,  unless  I  am  mistaken,  is  for  the  most  part 

*  A  note  of  the  wthor  Is  here  appended,  written,  m  it  appews,  sabwqoentljr  to  the  treaties  aad  in  the  Swedidi 
laagiuv^  taOag  that  this  (Aapter  Is  to  be  traaafcrred  horn  lu  present  sltnatioa  to  the  KpflocMk  stace  avch  expU- 
eatkM  in  this plaee  would  be  eontnqr  to  the  "analytic  method."    (J.  E.S.) 

t  The  "  Sense  of  Smell"  was  to  hate  been  the  subject  of  "the  ytry  next  Chapter"  in  the  ^^  Animal  Kingdom,'* 
had  Swedenborg  continued  the  Wort.  See  VoL  U^  p.  sk,  note  (q).  "  Bearing"  and  "  Sight"  would  probahlr  have 
been  the  next  anl^eeta,  completing  Part  IIL ;  and  the  "Cenbram"  was  intended  to  be  the  sabiect  of  Part  Vf. 
The  mannaerlpi  on  the  Cetebram.  aoeordtaig  to  Dr.  STcdbom  -  coBtafau  a  dereloinMnt  of  the  aaliieot,"  aad  Is 
"■f^J^^'Jtt^oat,"  so  that  Swedenborg  would  aeem  to  have  prmarcd  It  for  the  pr«as~(T^.) 

I  The  Boman  numerals  prsOxed  to  the  titles.  ccMe  In  this  place.    (J.E.  S.) 
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suffidently  unfolded  to  be  perfectly  apprehensible.  The  style  of  treatment  is  the 
same  as  that  peculiar  to  Swedenborg  in  the  former  parts  of  the  **  Animal  King- 
dom ;*\  there  being  first  a  statement  of  Experience,  and  after  this,  an  Analysis. 
The  first  department  of  each  treatise,  containing  the  Experience,  is  very  brief;  nor 
are  the  passages  from  the  authors  quoted,  written  out,  as  was  Swedenborg's  custom 
elsewhere  in  these  essays :  but  the  second  department,  or  the  Analysis,  is  much  longer 
and  more  full.  With  respect  to  the  hand-writing,  the  greater  part  of  this  book  is 
written  very  small,  and  is  extremely  difficult  to  read  and  make  out;  so  much  so, 
that  it  would  task  the  best  abilities  of  the  copyist  to  perform  his  part  correctly. 

From  these  particulars,  unless  I  am  deceived,  there  is  ground  to  hope,  that  this 
book,  in  conjunction  with  that  mentioned  above  (I.),  contains  many  things  that  will 
hereafter  prove  supplementary  to  Swedenborg's  *'  Animal  Kingdom.'' 

II.  It  will  be  recollected  that  the  subject  matter  of  the  manuscript  entitled  The 
Cerebrum,  &c.  (2),  greatly  disappoints  the  expectation  raised  by  that  title.  On  the 
other  hand,  from  what  has  just  been  said,  it  appears  that  another  volume,  lately 
mentioned,  presents  the  disappointed  and  almost  unhoping  reader,  with  a  Disserta- 
tion on  the  Brain  and  its  functions.  But  as  this  Dissertation,  like  all  the  others  in 
the  same  book,  seems  to  give  nothing  more  than  an  outline  of  some  future  treatise, 
it  will  perhaps  be  agreeable  to  the  reader  to  be  informed,  that  I  have  found  two  other 
books,  which  seem  to  contain  a  development  of  the  subject  of  the  brain,  accurately 
written  out.  Both  these  books  are  indeed  incomplete,  being  destitute  of  begin- 
ing  and  termination.'''  The  greater  part  of  them,  however,  appears  to  be  left :  and 
certainly  quite  enough  to  merit  the  close  attention  of  the  enquirer.  Thus  the  one 
MS.  has  on  the  Brain  pp.  65-~433  ;  the  other,  which  is  much  the  larger,  pp.  73 — 
1482.t  Both  are  in  quarto,  carefully  written  out,  and  not  difficult  to  read;  the  latter 
more  diffuse  in  its  style  of  penmanship,  and  with  somewhat  wider  lines  than  the 
former.  But  I  have  not  yet  had  leisure  to  compare  these  books  with  each  other,  or 
with  the  above-mentioned  outline ;  and  therefore  I  can  only  mention  them  here,  and 
must  postpone  the  more  accurate  examination  of  them  till  another  time. 

III.  In  the  manuscript  mentioned  above  (4 — 6),  there  are  certain  matters  which 
should  not  be  passed  over  without  notice ;  among  these  we  have  the  Red  Blood 
(p.  24,  chap,  xxiii.)  The  Origin  and  Propagation  of  the  Soul  (p.  6,  chap,  iv.)  At 
the  end  of  the  same  MS.  a  longer  treatise  begins,  but  both  its  title  (p.  1  and  2)  and 
continuation,  are  wanting.  After  a  short  preface,  which  occupies  p.  3  and  4,  we 
read  on  p.  5  the  following : — 

Treatise  I.     The  Souly  and  the  Harmony  between  it  and  the  Bodyj   considered 

generally. 

The  work  begins  with  these  words,  **  The  Mind  never  really  acquiesces  in  any 
system  concerning  the  intercourse  and  harmony  between  the  Soul  and  the  Body, 
that  supposes  the  existence  of  an  unknown  and  Incomprehensible  principle,''  &c. 
The  treatise  ends  on  p.  80,  in  the  middle  of  a  sentence.  The  leaf  containing  p.  7 
and  8  is  wantmg.     In  the  preface  at  the  beginning,  the  Author  says,   **  Kind  reader, 

•  ThU,  I  find  Bubwquently  to  be  an  error;  the  aecond  and  larger  Treatlac  appean  to  be  complete  with  respect 
to  iU  termination.— (J.  £.  8.) 

t  The  probability !«,  that  the  beginnlnf  of  thete  Treatiaes  haa  been  in«rted  in  the  "Economy  of  the  Animal 
Kingdom/'  tr.  li^  chapter  ii^  n.  f^-VXJ,  "  On  the  Cortical  Substance  of  the  Brain  Bpecifically ;"  and  •hoold 
tliia  prore  to  be  the  case,  then  the  larger  Treatise  may  be  regarded  as  quite  complete.— (Tr.) 

VOL.  II.  AAA 
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— I  was  long  in  doubt  whether  to  bring  together  in  one  Tolume  or  work,  the  result 
of  all  my  meditations  on  the  Soul  and  Body,  and  the  mutual  action  and  passion  of 
the  two ;  or  whether  to  divide  my  labors  into  separate  numbers  and  treatises,  and  to 
publish  them,  one  by  one,  in  the  shape  of  Transactions."  He  goes  on  to  say,  that 
it  would  be  a  *'  labor  of  many  years,''  and  would  '*  require  volumes"  to  explain  the 
soul  and  tiie  state  thereof,  togetiier  with  its  intercourse  with  the  body,  and  the  con- 
nexion between  the  two,  by  means  of  harmony ;  that  is  to  say,  ''  to  set  forth  the 
whole  animal  kingdom  witii  all  its  parts,  and  the  functions  and  offices  of  eadi, 
philosophically,  analytically,  geometrically,  and  anatomically."  As  he  foresaw 
that  it  would  be  impossible  to  finish  this  immense  work  satisfactorily  at  a  single  blow, 
he  deemed  it  most  advisable  **  to  divide  it  into  treatises  and  numbers,  and  to  publish 
firequentiy."  He  promises,  therefore,  that  he  will  come  before  the  reader  often ; 
perhaps  not  less  than  five  or  six  times  a  year,  and  that  the  fasciculi  of  his  work  will 
be  issued  under  the  titie  of  **  Psychological  Transactions."  At  the  end  of  the 
preface,  the  author  signs  his  name,  pseudonymiee,  J.  S.  E.  6.  O.  F. 

I  leave  the  character  and  number  of  these  Psychological  Transactions,  if  they  be 
identified  witii  the  parts  published  and  unpublished  of  the  '*  Animal  Kingdom,"  to 
be  determined  by  those  who  are  more  versed  than  myself  in  the  writings  of  Swe- 
denborg. 

Such  are  the  particulars  which  I  have  hitherto  observed  in  going  over  the  manu- 
scripts of  Swedenborg.  It  will  be  a  matter  of  the  greatest  gratification  to  me  if  the 
preceding  statement  contains  any  novelty,  or  anything  that  is  worthy  of  the  kind 
consideration  of  those  who  are  laboring  so  earnestly  in  the  publication  of  Sweden- 
borg's  works. 

J.  E.  SVEDBOM, 

Doctor  of  Philosophy  and  Master  of  Arts. 

Stockholm ;  the  Library  of  the  Royal  Academy 
of  Sciences,  December,  1843. 


CORRECTIONS  IN  THE  WORK. 

Vol.  I.,  pace  18k  Une  ^  ^f^*^  t^«  bottom— Av,  "  of  different  Biio,"  read,  "Iwfe  and  unaU." 

Ibid.,  pace  78^  Una  8— ftir  "The  key  maj  prodnoe  ereriastinc  bannonles  from  theie  prindplea,  wltkout  erar  ex* 
hanatiac  tha  ■onroe,"  read.  "From  thla  aouroe  tba  keys  can  dnw  forth  their  uience  without  ever  exhaoatlnf  h." 

Ibid.,  pace  110,  line  10  from  the  bottom— after  "anlmab,"  inaert,  "ao  that  I  have  no  kwcer  any  doabt  reqtecUng 
them.** 

Vol.  XL,  page  10,  line  8  from  the  bottom— finr  "with  them,  the  naaal  paaaagea  are  blocked  ap,  and  all  reepiimtion 
thM  waj  U  intercepted."  read,  "  with  them,  when  the  naaal  paaaacea  are  itopped  up,  all  reaidration  ia  Intereepted." 

Ibid.,  pace  IM,  ftir  <l>prfV  read  (fyp^vtS, 
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INTRODUCTORY  REMARKS  BY  THE  TRANSLATOR. 


It  will  be  the  aim  of  the  following  remarks  to  give  a  general 
view  of  the  doctrines  of  the  '^  Animal  Kingdom/'  and  of  their 
relation  to  the  past^  present^  and  future  state  of  science ;  and 
in  so  doing,  to  address  those  chiefly  who  are  acquainted  with 
the  theological  writings  of  Swedenborg,  as  forming  the  class  by 
whom,  at  present,  the  work  is  most  likely  to  be  read,  and  to 
whom  it  may  be  the  most  useful  and  satisfactory. 

The  evolution  of  the  natural  sciences  amounts  to  the  crea- 
tion of  a  new  sphere  in  the  human  mind ;  and  since  this  deve- 
lopment has  not  taken  place  under  the  auspices  of  theology,  but 
either  in  direct  or  tacit  opposition  to  the  prevailing  church; 
since  it  proceeds  from  without,  and  proposes  knowledge  and 
intelligence  as  ends  distinct  &om  spiritual  life ;  therefore  it  con- 
stitutes a  sphere  which  is  not  in  unison  with  the  current  doc- 
trines of  religion,  but  firom  the  beginning  has  menaced  their 
subversion;  and  which,  unless  reduced  to  order,  is  opposed, 
however  true  its  materials  in  themselves  may  be,  to  the  under- 
standing of  all  genuine  truth.  It  was  a  perception  of  this 
character  in  science,  and  also  of  the  fact  that  the  universal 
human  mind  was  becoming  immersed  in  scientifics,  that  im- 
pelled Swedenborg  to  enter  the  field  of  nature,  for  the  purpose 
of  demonstrating  in  it  an  order  corresponding  to  the  order  of 
heaven,  and  thereby  of  making  it  a  medium  to  spiritual  and 
sacred  truths.  This  was  his  paramount  end  in  the  construction 
of  the  "  Animal  Kingdom.'' 

b 
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XVI  INTRODUCTORY    REMARKS 

The  system  therein  propounded  rests  upon  the  foundation  of 
experience;  namely,  of  such  experience  as  the  learned  world 
had  accumulated  at  Swedenborg's  time;  not  indeed  upon  the 
particular  experience  strictly  and  proximately  belonging  to  any 
one  science ;  for  such  experience  would  be  inadequate,  in  the 
present  imperfect  state  of  our  insight,  to  suggest  the  universal 
truths  that  each  science  involves ;  but  upon  the  general  experi- 
ence of  all  ages  in  all  the  sciences.  This,  it  is  to  be  presumed, 
was  Swedenborg^s  meaning,  when  he  likened  himself  to  one  of 
the  racers  of  olden  time,  who  before  he  could  merit  the  crown, 
was  commanded  to  run  seven  times  round  the  goal ;  and  again, 
when  he  declared  that  we  must  be  instructed  by  all  things  of 
one  thing,  if  we  are  to  know  that  one  thing  thoroughly.  As 
his  theory  is  not  derived  from  particular  experience,  so  it  cannot 
finally  be  either  confirmed  or  denied  by  any  isolated  £act  or 
facts.  For  it  is  a  conclusion  from  the  order  and  tenor  of  facts 
universally;  in  a  word,  from  an  integral  survey  of  nature. 
Unless  this  be  borne  in  mind,  the  very  largeness  of  the  field 
from  which  his  inductions  are  drawn,  and  the  very  strictness  of 
mind  which  caused  him  to  test  them  through  all  the  sciences, 
will  only  make  them  seem  the  more  like  baseless  hypotheses. 
In  this  case  the  analytic  process  may  easily  be  mistaken  for  the 
synthetic,  and  Swedenborg  may  be  charged  with  committing 
the  error  which  he  begins  his  work  by  denoimcing  in  others. 

Swedenborg  announced  the  starting-point  of  his  method  in 
the  first  lines  of  his  first  chapter ;  namely,  that  '^  the  use  or 
effect  which  produces  the  end  must  be  the  first  point  of  analytic 
enquiry .^^  First  comes  the  question  of  fact  or  result ;  next,  the 
reasoning  upon  it.  Unless  we  reason  from  uses,  what  chart 
have  we  in  the  exploration  of  structures  ?  To  illustrate  this, 
let  it  be  supposed  that  a  complicated  tissue — ^for  instance,  the 
skin — ^presents  us  with  three  undoubted  effects,  say  of  absorp- 
tion and  excretion ;  from  these  effects  we  infer  the  existence  of 
a  threefold  organism  to  produce  them ;  for  effects  imply  causes, 
and  functions,  forces,  motions,  accidents,  &;c.,  are  predicates  and 
unvarying  signs  of  substances.  Having  proceeded  so  far,  we 
have  then  to  distribute  the  effects  to  their  proper  organic  causes 
in  the  tissue ;  and  thus  effects  frumish  the  rule  for  the  first  ana- 
lysis of  a  structure.     In  many  instances  indeed  it  will  be  im- 
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X>ossible  to  trace  eflfects  to  visible  organic  causes^  in  which  case 
the  mental  sight  must  take  up  the  operation^  and  continue  and 
complete  it^  and  this^  by  the  assistance  of  the  several  instru- 
ments and  appliances  which  are  now  to  be  mentioned. 

It  is  impossible  to  understand  either  the  Word  or  the  works 
of  God  without  doctrines^  which  in  both  cases  require  to  be 
formed  by  "  one  who  is  enlightened/'*  The  doctrines  made  use 
of  by  Swedenborg  in  the  "  Animal  Kingdom/'  are  the  Doctrines 
of  Forms,  of  Order  and  Degrees,  of  Series  and  Society,  of 
Influx,  of  Correspondence  and  Representation,  and  of  Modifi- 
cation. These  doctrines  themselves  are  truths  arrived  at  by 
analysis,  proceeding  on  the  basis  of  general  experience;  in 
short,  they  are  so  many  formulas  resulting  from  the  evolution 
of  the  sciences.  They  are  perpetually  illustrated  and  elucidated 
throughout  the  "Animal  Kingdom,''  but  never  stated  by  Swe- 
denborg in  the  form  of  pure  science,  perhaps  because  it  would 
have  been  contrary  to  the  analytic  method  to  have  so  stated 
them,  before  the  reader  had  been  carried  up  through  the  legiti- 
mate stages,  beginning  from  experience,  or  the  lowest  sphere. 
Each  effect  is  put  through  all  these  doctrines,  in  order  that  it 
may  disclose  the  causes  that  enter  it  in  succession,  that  it  may 
refer  itself  to  its  roots  and  be  raised  to  its  powers,  and  be  seen 
in  connexion,  contiguity,  continuity,  and  analogy  with  all  other 
things  in  the  same  universe.f  They  may  be  compared  to  so 
many  special  organs,  which  analyse  things  apparently  homoge- 
neous into  a  number  of  distinct  constituent  principles,  and  dis- 
tribute each  for  use  as  the  whole  requires.  To  deny  any  of 
these  doctrines,  or  to  give  them  up  in  the  presence  of  facts  that 
do  not  range  upon  them  at  first  sight,  is  to  nullify  the  human 
mind  as  the  interpreter  of  nature. 

The  Doctrine  of  Forms  teaches  that  "the  forms  of  all 
things,  like  their  essences  and  substances,  ascend  in  order  and 
by  degrees  from  the  lowest  to  the  highest.  The  lowest  form  is 
the  angular,  or  as  it  is  also  called,  the  terrestrial  and  corporeal. 
The  second  and  next  higher  form  is  the  circular,  which  is  also 
called  the  perpetual-angular,  because  the  circumference  of  the 

*  Arcana  Coelestia,  n.  10582. 

t  By  a  univerie,  Swedenborg  appears  to  mean  any  complete  series  as  referable  to 
its  unities. 
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circle  involves  neither  angle  nor  rectilinear  plane^  being  a  per- 
petual angle  and  a  perpetual  plane ;  this  form  is  at  once  the 
parent  and  the  measure  of  angular  forms.  The  form  above  this 
is  the  spiral,  which  is  the  parent  and  measure  of  circular  forms, 
as  the  circular,  of  angular  forms.  Its  radii  or  diameters  are 
ilot  rectilinear,  nor  do  they  converge  to  a  fixed  centre  like  those 
of  the  circle ;  but  they  are  variously  circular,  and  have  a  spheri- 
cal surface  for  a  centre ;  wherefore  the  spiral  is  also  called  the 
perpetual  circular.  This  form  never  exists  or  subsists  without 
poles,  an  axis,  foci,  a  greatest  circle,  and  lesser  circles,  its  dia- 
meters ;  and  as  it  again  assumes  a  perpetuity  which  is  wanting  in 
the  circular  form,  namely,  in  respect  of  diameters  and  centres, 
so  it  breathes  a  natural  spontaneousness  in  its  motion.  There 
are  other  still  higher  forms,  as  the  perpetual-spiral,  properly 
the  vortical ;  the  perpetual- vortical,  properly  the  celestial  ;♦  and 
a  highest,  the  perpetual-celestial,  which  is  spiritual,  and  in 
which  there  is  nothing  but  what  is  everlasting  and  infinite.'* 
There  is  then  a  scale  of  forms,  whereof  the  higher  are  relatively 
more  universal,  more  perfect,  and  more  potent  than  the  lower. 
The  lower  again  involve  the  higher  and  the  highest,  and  are 
generated  by  them :  so  that  where  there  is  an  angular  body, 
there  is  a  circular  form  and  force  intimately  present  as  its 
ground ;  where  there  is  a  circle,  it  is  the  limit  of  an  interior 
spiral ;  and  so  forth.  For  nature  operates  firom  the  very  princi- 
ples of  geometry  and  mechanics,  and  converts  them  all  to  actu- 
ality and  use.  The  purer  substances  in  creation  gyrate  through 
the  higher  forms ;  the  less  pure  circulate  through  the  lower,  or 
are  fixed  in  the  lowest.  All  the  essentials  of  the  angular  form 
are  opposed  to  each  other,  whence  the  origin  of  gravitating  and 
inert  matter,  intrinsically  unfitted  for  motion.  But  the  other 
forms,  according  to  their  eminence,  are  more  and  more  accom- 
modated to  motion  and  variation. 

The  Doctrine  of  Order  teaches  that  those  things  which  are 
superior  in  situation,  are  also  superior  in  forces,  in  power,  in 
dignity  of  oflBce,  and  in  use ;  and  that  a  similar  law  determines 
the  situation  of  the  part«  of  things,  and  of  the  parts  of  parts. 

*  Swedenborg  here  uses  the  term  celestial,  not  m  the  sense  which  is  peculiar  to  it 
in  his  theological  writings,  but  more  with  the  meaning  attached  to  it  in  the  phrase, 
**  celestial  globe/'  as  pertaining  to  the  form  of  the  universe. 
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Corresponding  to  the  highest  or  first  of  the  series  of  subor- 
dination^ is  the  central  or  innermost  of  the  series  of  coordi- 
nation. 

The  Doctrine  of  Degrees  teaches  the  distinct  progressions 
through  which  nature  passes  when  one  thing  is  subordinated 
to,  and  coordinated  with  another.  There  are  three  discrimi- 
nated degrees  in  all  things,  both  natural  and  spiritual,  corre- 
sponding to  end,  cause,  and  eflfect.  In  the  human  body  there 
is  a  sphere  of  ends,  a  sphere  of  causes,  and  a  sphere  of  effects. 
The  body  itself,  comprehending  the  viscera  of  the  abdomen  and 
chest,  and  the  external  sensoria  of  the  head,  is  the  sphere  of 
effects;  the  brain,  and  the  whole  of  its  appendages,  are  the 
sphere  of  causes ;  the  cortical  substances  of  the  brain  are  the 
sphere  of  ends  or  principles.  These  spheres  are  subordinated 
to  each  other  in  just  series  from  the  highest  to  the  lowest.  The 
highest  degree  or  sphere  is  active,  the  lowest  is  passive  and  re- 
active. The  above  degrees,  in  their  order,  indicate  the  progres- 
sion from  universals  and  singulars  to  generals  or  compounds. 
But  every  organ  again  involves  the  same  triplicity  of  spheres ; 
it  consists  of  least  parts,  which  are  congregated  into  larger,  and 
these  into  largest.  All  perfections  ascend  and  descend  accord- 
ing to  degrees,  and  all  attributes,  functions,  forces,  modes,  in 
a  word,  all  accidents,  follow  their  substances,  and  are  similarly 
discriminated.  Each  degree  is  enveloped  with  its  common 
covering,  and  communicates  with  those  below  it  thereby. 
There  is  no  continuous  progression  from  a  lower  degree  to  a 
higher,  but  the  unity  of  the  lower  is  the  compound  of  the 
higher,  and  in  transcending  that  unity,  we  leap  out  of  one 
series  into  another,  in  which  all  the  predicates  of  force,  form, 
perfection,  &c.,  are  changed  and  exalted.  The  Doctrine  of 
Degrees  enables  us  to  obtain  a  distinct  idea  of  the  general 
principles  of  creation,  and  to  observe  the  unity  of  plan  that 
reigns  throughout  any  given  organic  subject ;  and  by  shewing 
that  all  things  are  distinct  representations  of  end,  cause,  and 
effect,  it  empowers  the  mind  to  refer  variety  to  unity,  as  the 
effect  to  the  cause,  and  the  cause  to  the  end,  and  to  recognize 
the  whole  constitution  of  each  series  as  homogeneous  with  its 
principles. 

Series  is  the  form  under  which  the  coordination  and  subor- 
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dination  of  things^  according  to  order  and  degrees^  ultimately 
present  themselves.  The  whole  body  is  a  series^  which  may  be 
looked  at  either  generally^  from  above  to  below^  as  comprising 
the  head^  the  chest,  and  the  abdomen;  or  universally^  firom 
within  to  without,  as  divisible  into  the  three  spheres  already 
alluded  to.  All  the  organs  of  each  region  are  a  series ;  each 
organ  in  itself  is  a  series ;  and  every  part  in  each  organ  like- 
wise. In  short,  everything  is  a  series  and  in  a  series.  There 
are  both  successive  and  simultaneous  series,  but  the  latter 
always  arise  from  the  former.  Essences,  attributes,  accidents, 
and  qualities,  foUow  their  substances  in  their  series.  Every 
series  has  its  own  first  substance,  which  is  more  or  less  uni- 
versal according  as  the  series  is  more  or  less  general.  This 
first  substance  is  its  simple,  unity,  or  least  form,  governing  in 
the  entire  series,  and  by  its  gradual  composition  forming  the 
whole.  Each  series  has  its  limits,  and  ranges  only  from  its 
minimum  to  its  maximum.  Whatever  transcends  those  limits 
at  either  end,  becomes  part  of  another  series.  The  compounds 
of  all  series  represent  their  simples,  and  shew  their  form, 
nature,  and  mode  of  action.  The  Doctrine  of  Series  and 
Society  teaches  that  contiguity  and  continuity  of  structure,  are 
indicative  of  relationship  of  function,  and  that  what  goes  on  in 
one  part  of  a  series,  goes  on  also,  with  a  determinable  variety, 
in  all  the  other  parts :  wherefore  each  organ  is  to  be  judged  of, 
and  analysed,  by  all  the  others  that  are  above  and  around  it. 
In  this  manner,  the  whole  series  is  the  means  of  shewing  the 
function  of  each  part  of  itself,  and  indeed  of  analysing  that 
function  into  a  series  similar  to  that  of  the  whole ;  for  the  least 
in  every  series  must  represent  an  idea  of  its  universe.  Under 
the  operation  of  this  law,  the  point  becomes  a  world  analogous 
to  the  great  world,  but  infinitely  more  perfect,  potent,  and 
universal. 

Such  is  a  very  brief  illustration  of  the  Doctrines  of  Order 
and  Degrees,  Series  and  Society,  from  which  it  will  be  evident 
how  closely  connected  these  doctrines  are,  and  that  they  can 
hardly  be  stated  without  our  seeming  to  repeat  of  one  what  has 
already  been  predicated  of  the  others.  Degrees  appear  to 
involve  the  distinct  progressions  of  creation  from  above  to 
below,  or  from  within  to  urithout :  order,  to  appertain  to  the 


Digitized  by  VjOOQ IC 


BY    THE    TRANSLATOR.  XXI 

law  of  succession  observed  in  degrees,  whereby  rank  and  height 
are  given  to  excellence,  priority,  universality,  and  perfection ; 
series,  to  involve  the  complex  of  the  whole  and  the  parts  when 
created  and  coexisting ;  and  society,  to  be  the  law  of  contiguity 
and  relationship  existing  between  different  series,  and  between 
the  parts  of  any  single  series.  Perhaps  it  would  not  be  far 
wrong  to  state  in  generals,  that  order  and  degrees  involve  the 
creating  and  successive,  series  and  society,  the  created  and 
simultaneous.  But  as  we  have  said  before,  Swedenborg  never 
stated  these  doctrines  as  promised  in  the  '^  Animal  Kingdom,'' 
but  contented  himself  with  using  them  as  analytic  instruments 
in  the  exploration  of  the  body ;  and  therefore  the  reader  will 
learn  them  best  in  the  way  of  example  and  illustration  in  the 
Work  itself. 

The  Doctrine  of  Influx  involves  the  manner  in  which  the 
lower  substances,  forms  and  forces  of  the  body  subsist,  as  they 
at  first  existed,  from  the  higher  and  the  highest ;  and  in  which 
the  body  itself  subsists  from  the  soul,  as  it  at  first  existed ;  and 
the  natural  world  from  the  spiritual.  But  there  is  not  only  an 
influx  from  within,  but  also  from  without ;  and  by  virtue  of 
both,  the  body,  which  otherwise  would  be  a  mere  power,  is 
raised  into  an  active  force.* 

The  Doctrine  of  Correspondence  and  Representation  teaches 
that  the  natural  sphere  is  the  counterpart  of  the  spiritual,  and 
presents  it  as  in  a  mirror;  consequently  that  the  forms  and 
processes  of  the  body  are  images  of  the  forms  and  activities  of 
the  soul,  and  when  seen  in  the  right  order,  bring  them  forth 
and  declare  them.  It  shews  that  nature  is  the  type  of  which  the 
spiritual  world  is  the  ante-type,  and  therefore  is  the  first  school 
for  instruction  in  the  realities  of  that  which  is  living  and 
eternal. 

The  Doctrine  of  Modification  teaches  the  laws  of  motion 
and  change  of  state  in  the  several  auras  or  atmospheres  of  the 
world,  and  in  their  spiritual  correspondents.f 

What  was  stated  of  the  Doctrines  of  Order,  Degrees,  Series, 
and  Society,  as  mutually  supposing,  or  as  it  were  interpene- 
trating each  other,  may  be  repeated  generally  of  the  whole  of 

*  See  '*  Animal  Kingdom/'  vol.  II. »  p.  559. 
t  See  ibid.,  vol.  II.,  p.  49. 
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these  doctrines^  and  tliis^  because  they  are  all  but  so  many 
varied  aspects  of  the  one  principle  of  divine  truth  or  order. 
Like  nature  itself  they  are  a  series^  each  link  of  which  involves 
all  the  others. 

The  Doctrine  of  Series  and  Degrees  in  conjunction  with 
that  of  Correspondence  and  Representation^  teaches  that  there 
is  a  universal  analogy  between  all  the  spheres  of  creation^  ma- 
terial^ mental,  and  spiritual ;  and  also  between  nature  and  all 
things  in  human  society.  The  circulation  of  uses  in  the  body 
perfectly  represents  the  free  intercourse  of  man  with  man,  and 
the  tree  interchange  of  commodities  between  nation  and  nation. 
The  operations  that  go  on  in  the  body,  analogically  involve  all 
the  departments  of  human  industry ;  nay,  and  infinitely  more, 
both  in  subdivision,  unity,  and  perfection.  There  is  not  an  art 
or  trade,  whether  high  or  low,  so  long  as  it  be  of  good  use, 
but  the  Creator  himself  has  adopted  and  professed  it  in  the 
human  system.  Nay,  in  the  richness  of  his  pervading  love, 
the  very  prerogatives  of  the  mind  are  representatively  applicable 
to  the  body.  End,  cause,  and  effect,  as  existing  in  Himself, 
are  represented  in  the  latter  as  well  as  in  the  former.  Liberty 
and  rationality,  the  universal  principles  of  humanity,  are  trans- 
planted by  analogy  from  the  mind  into  the  body.  It  presents 
an  analogon  of  liberty,  in  that  every  organ,  part,  and  particle, 
can  successfully  exercise  an  attraction  for  those  fluids  that  are 
adapted  to  its  life  and  uses ;  of  rationality,  in  that  it  acts  as 
though  it  took  cognizance  of  the  adaptability,  and  operates 
upon  the  materials  demanded  and  supplied,  in  such  a  manner 
as  will  best  secure  the  well-being  of  itself  and  of  the  whole 
system. 

This  may  account  to  the  reader  for  the  extremely  figurative 
character  of  Swedenborg^s  style,  and  shew  that  it  proceeded 
fi^m  the  reason  and  not  from  the  imagination.  It  is  because 
each  thing  is  a  centre  to  the  life  of  all  things,  that  each  may 
freely  use  the  exponent  terms  of  all.  Analogous  uses  in  the 
body  and  the  soul,  furnish  the  point  of  contact  between  the 
two,  and  the  possibility  and  the  means  of  intercourse.  Had 
Swedenborg  confined  himself  to  the  dry  straitness  of  what  is 
now  called  science,  he  must  have  forfeited  the  end  he  had  in 
view;  for  matter,  as  matter,  has  no  communion  with  spirit. 
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nor  death  with  life.  It  was  absolutely  necessary  that  the  body 
should  be  tinctured  with  life  in  all  possible  ways,  when  it  was  to 
be  the  medium  of  instruction  respecting  the  soul. 

But  it  is  time  to  instance  a  few  of  the  results  to  which  the 
above  doctrines  lead  when  wisely  applied  to  the  living  body. 
It  will,  however,  be  impossible  to  give  anything  beyond  the 
merest  sketch  of  Swedenborg's  physiology,  or  to  look  at  it 
from  more  than  a  single  point  of  view.  He  himself  has  re- 
garded it  from  all  sides,  or  from  each  organ  and  sphere  of  the 
body,  and  given  what  may  be  called  a  combined  proof  of  its 
correctness. 

The  alimentary  canal  and  the  whole  of  the  viscera  of  the 
abdomen  form  one  grand  series  subservient  to  the  creation  of 
the  blood.  This  again  is  divided  into  three  inferior  series, 
whereof  one  primarily  respects  the  chyle,  another  the  serum, 
and  a  third  the  blood  already  formed.  There  are  then  three 
series  of  digestions.  1.  The  alimentary  canal  commencing  at 
the  tongue  and  terminating  with  the  rectum,  performs  as  many 
distinct  digestions  of  the  food,  and  eliminates  fit)m  it  as  many 
distinct  products,  as  the  canal  itself  has  distinct  divisions  and 
articulations.  Thus  there  is  the  chyle  of  the  tongue  and  mouth, 
the  chyle  of  the  stomach,  the  chyle  of  the  small  intestines, 
and  the  chyle  of  the  large  intestines,  and  all  these  chyles  sub- 
serve the  blood  in  a  successive  series,  coincide  in  its  formation, 
and  ultimately  coexist  within  it  in  a  simultaneous  series.  When 
the  chyle  has  been  inaugurated  into  the  blood,  and  is  once  in 
the  arteries  and  veins,  it  is  no  longer  called  chyle,  but  serum. 
2.  The  serum  is  the  object  of  the  second  digestion.  The  finer 
parts  of  it  therefore  are  secreted,  and  the  worthless  parts  are 
excreted  and  thrown  out,  just  as  was  before  the  case  with  the 
food.  The  former  operation  is  performed  by  the  pancreas,  the 
latter  by  the  kidneys.  3.  The  blood  itself  is  the  object  of  the 
third  digestion.  This  process,  termed  by  Swedenborg  the  lus- 
tration of  the  blood,  takes  place  in  the  capillaries  and  glandular 
elements  all  over  the  system,  but  specifically  in  the  spleen,  the 
pancreas,  and  the  liver.  As  in  the  first  series  there  are  various 
menstrua  or  media  between  the  chyle  and  the  blood ;  namely, 
in  the  mouth,  the  saliva;  in  the  stomach  the  gastric  juice, 
which  is  the  saliva  potentialized  by  the  peculiar  action  of  the 
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stomach  ;*  in  the  smaU  intestines  the  pancreatic  juice^  and  the 
hepatic  and  cystic  biles ;  and  in  the  large  intestines  the  liquid 
distilled  from  the  vermiform  appendage  of  the  coecum ;  so  in 
each  of  the  other  series  corresponding  menstrua  are  required 
and  applied.  The  blood  of  the  pancreas^  and  the  blood  of  the 
spleen  deprived  of  its  serum  by  the  pancreas,  serve  in  the  liver 
as  a  menstruum  for  refining  the  chyle  and  lustrating  the  blood. 
The  lymph  is  a  kind  of  ultimate  saliva  which  digests  the  chyle 
as  the  common  saliva  digests  the  food.  The  lymph  of  the 
spleen,  for  instance,  digests  the  chyle  in  the  mesentery,  as  its 
blood  digests  the  chyle  and  blood  in  the  liver.  In  short,  as  all 
the  abdominal  viscera  form  one  series  of  uses,  so  the  lowest  and 
largest  form  of  that  series  may  be  taken  as  an  exponent  of  the 
whole ;  and  it  will  then  be  found  that  all  these  organs  are  high 
evolutions  of  the  alimentary  tube,  digesting  finer  and  finer 
aliments,  (for  the  blood  itself  is  the  essential  aliment  of  the 
body,)  and  throwing  out  subtler  and  subtler  excrements  or  im- 
purities. Thus  the  liver  is  the  stomach  of  the  chyle  and  blood ; 
and  the  ductus  hepaticus  and  the  gall-bladder  and  ductus  cys- 
ticus  are  respectively  analogous  in  their  proper  series  to  the 
small  and  the  large  intestines. 

The  viscera  of  the  thorax  also  minister  to  the  blood.  The 
heart  is  a  chemical  organ  for  preparing  liquids  to  enter  into  its 
composition,  at  the  same  time  that  it  is  the  beginning  of  the 
circulation.  It  separates  the  blood  into  two  parts,  a  purer  and 
a  grosser;  the  purer  it  sends  away  through  the  lacunse  under- 
neath the  columns  on  its  inner  surface,  by  a  series  of  ducts 
into  the  coronary  vessels,  which  are  the  true  veins  of  the  heart  ^f 
the  grosser  into  the  lungs.  Thus  it  also  is  an  organ  of  blood- 
digestion  or  sanguification.  The  lungs  have  three  general 
functions :  1.  They  lustrate  all  the  blood  of  the  body,  espedaUy 
in  regard  to  its  chyle  or  serum ;  their  office  in  this  respect  being 
analogous  to  that  of  the  kidneys  in  the  abdomen.  2.  They 
feed  the  blood  with  aerial  and  ethereal  chyle,  as  the  viscera  of 
the  abdomen  with  terrestrial  chyle.  8.  They  call  forth  the 
powers  of  all  the  organs  of  the  body  by  respiration.     With  re- 

*  See  **  Animal  Kingdom/'  vol.  I.,  p.  122,  note  (a) ;  p.  133,  note  (y). 
t  On  thia  subject,  examine  Swedenborg's  **  Economj  of  the  Animal  Kingdom," 
tr.  i.,  n,  399—459. 


Digitized  by  VjOOQ IC 


BY    THE    TRANSLATOR.  XXV 

spect  to  the  last-named  of  these  offices  of  the  langs^  namely^ 
that  they  supply  the  body  and  aU  its  parts  with  motion^  it  is 
one  of  the  most  important  discoveries  in  the  "  Animal  King- 
dom/^  and  not  less  wonderful  in  its  consequences  than  in  its 
simplicity  and  obvious  truth.  If  the  reader  can  once  succeed 
in  apprehending  it^  there  will  be  no  danger  of  his  letting  it  go 
again  even  among  the  perilous  quicksands  of  modem  expe- 
rience. It  is  one  of  those  truths  that  rest  upon  facts  within  the 
range  of  the  most  ordinary  observation^  and  require  but  little 
anatomical  investigation  to  confirm  and  demonstrate  them.  It 
is  visible  in  its  ultimate  effects  during  every  action  that  we  per- 
form, and  at  every  moment  of  our  lives.  Perhaps  there  is 
nothing  in  the  history  of  physical  science  that  is  more  illustra- 
tive of  the  native  ignorance  of  the  mind,  or  that  better  shews 
how  far  we  have  departed  from  the  simplicity  of  nature,  than 
the  manner  in  which  this  grand  office  of  the  lungs  has  been 
overlooked;  particularly  when  coupled  with  the  fact,  that  it 
should  have  required  a  great  and  peculiarly  instructed  genius, 
by  an  elaborate  process,  to  place  it  once  again  under  our  mental 
vision.  But  nature  is  simple  and  easy;  it  is  man  that  is  diffi- 
cult and  perplexed.  Not  only  in  the  lungs,  but  in  the  whole 
body,  the  primary  office  is  disregarded,  and  the  secondary  sub- 
stituted for  it.  It  has  been  supposed  that  the  lungs  inspire 
simply  to  c^ommunicate  certain  elements  of  the  air  to  the  blood ; 
and  expire  for  no  other  end  than  to  throw  out  by  means  of  the 
returning  air  certain  impurities  from  the  blood.  Under  this 
view,  their  motion  is  only  of  use  for  other  things,  or  instru- 
mentally,  and  not  as  a  thing  in  itself,  or  principally.  And  yet 
it  is  not  confined  to  the  sphere  in  which  these  secondary  offices 
of  the  lungs  are  performed,  but  pervades  the  abdomen  as  sensi- 
bly as  the  chest,  and  according  to  the  shewing  of  the  experi- 
mentalists, extends  also  to  the  heart,  the  spinal  marrow,  and 
the  head.  It  was  therefore  incumbent  on  the  physiologist  to 
shew  what  its  function  was  in  all  the  regions  where  it  was  pre- 
sent, and  to  declare  its  action  as  a  universal  cause,  as  well  as  its 
action  as  a  particular  cause.  Now  the  motion  itself  which  the 
lungs  originate  is  their  grand  product  to  the  system ;  the  in- 
spiration and  expiration  of  the  air  are  but  one  part  of  its  ne- 
cessary accompaniments,  being  performed  in  the  chest  alone. 
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Granting  that  the  inspiration  and  expiration  of  the  air  are  the 
particular  use  of  this  motion  in  the  chesty  what  then  is  the  use 
of  the  rising  and  falling  which  the  lungs  communicate  to  the 
abdomen^  the  heart,  the  spinal  marrow,  and  the  brain  ?  What 
office,  analogous  to  respiration,  does  the  motion  of  these  parts 
communicate  to  the  organs  ?  It  manifestly  causes  them  all  to 
respire,  or  to  attract  the  various  materials  of  their  uses,  as  the 
lungs  attract  the  air.  For  respiration  is  predicable  of  the  whole 
system  as  well  as  nutrition :  otherwise  the  head  would  not  be 
the  head  of  the  chest,  nor  the  abdomen  the  abdomen  of  the 
chest ;  but  the  human  body  would  be  as  disconnected,  and  as 
easily  dissipated,  as  the  systems  that  have  been  formed  respect- 
ing it.  The  universal  use,  therefore,  of  the  respiratory  motion 
to  the  body,  is,  to  rouse  every  organ  to  the  performance  of  its 
functions  by  an  external  tractive  force  exerted  upon  its  common 
membranes ;  and  by  causing  the  gentle  expansion  of  the  whole 
mass,  to  enable  the  organ,  according  to  its  particular  fabric, 
situation,  and  connexion,  to  respire  or  attract  such  blood  or 
fluid,  and  in  such  quantity,  as  its  uses  and  wants  require,  and 
only  such.  Each  organ,  however,  expands  or  contracts  differ- 
ently, according  to  the  predicates  just  mentioned ;  the  intestines, 
for  instance,  from  articulation  to  articulation,  to  and  fro ;  the 
kidneys,  from  their  circumference  to  their  sinuosity  or  hilus, 
and  vice  versd,  the  neighborhood  of  their  pelvis  being  their 
most  quiet  station  and  centre  of  motion :  and  so  forth.  In  a 
word,  the  expansion  as  a  force  assumes  the  whole  form  of  the 
structure  of  each  organ.  In  aU  cases  the  motion  is  synchronous 
in  times  and  moments  with  the  respiration  of  the  lungs.  The 
fluids  in  the  organs  follow  the  path  of  the  expansion  and  con- 
traction, and  tend  to  the  centre  of  motion,  from  which  these 
motions  begin,  to  which  they  return,  and  in  which  they  termi- 
nate. The  lungs,  however,  only  supply  the  external  moving 
life  of  the  body ;  but  were  it  not  for  them,  the  whole  organism 
would  simply  exist  in  potency,  or  more  properly  speaking,  would 
cease  to  be ;  or  were  it  permeated  by  the  blood  of  the  heart, — 
a  condition  which  can  by  no  means  be  granted, — ^the  latter 
would  rule  uncontrolled  in  all  the  members,  subjugate  their  in- 
dividualities, and  not  excite  them  to  exercise  any  of  the  i)eculiar 
forces  of  which  they  are  the  forms.     In  a  word,  the  whole  man 
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would  be  permanently  in  the  foetal  state^  for  ever  inchoate  and 
ineflfective. 

It  need  not  surprise  the  members  of  the  New  Church  that 
no  writer  before  or  since  the  time  of  Swedenborg  should  have 
seen  the  primary  function  of  the  lungs  in  the  himian  body. 
For  it  is  shewn  in  those  wonderful  theological  treatises  with 
which  they  are  familiar^  that  the  heart  and  lungs  of  the  natural 
body  correspond  to  the  will  and  understanding  of  the  spiritual 
man ;  and  as  the  understanding  or  rational  mind  has  hitherto 
brought  out  none  of  those  truths  which  enable  man  spiritually 
to  Uve,  nor  been  an  external  cause  cooperating  with  the  Word 
as  an  internal  cause  in  the  work  of  regeneration^  so  it  had  in 
itself  no  ground  from  which  to  recognise  the  necessity  of  the 
above  Ainction  in  the  human  firame;  but  its  lower  chambers 
alone  being  opened^  took  cognizance  only  of  the  lower  and  rela- 
tively passive  offices  of  its  bodily  correspondent,  the  lungs.  Un- 
wittingly it  yielded  up  the  sceptre  of  the  body  to  the  heart, 
and  here  again  obeyed  the  law  of  correspondence.  But  the 
truth  is  that  the  lungs  mediate  between  the  brain  and  the  body, 
precisely  as  the  rational  mind  of  man  is  intended  to  mediate  be- 
tween heaven  and  earth. 

The  brain  supplies  the  body  and  the  blood  with  life,  and  its 
functions  in  this  respect  combine  nutrition,  circulation,  and  re- 
spiration. It  respires  the  ethers  of  the  world,  it  nourishes  its 
life  with  ethereal  chyle,  and  it  circulates  the  animal  spirit  ela- 
borated therefrom  through  the  corporeal  system.  It  may  be 
regarded  as  a  unity  which  involves  in  principle  and  idea  all  the 
varieties  that  are  manifested  in  the  two  inferior  regions  of  the 
thorax  and  abdomen.  Its  cortical  substances  involve  the  ftmc- 
tions  of  both  the  heart  and  lungs,  because  they  are  in  the 
degree  above  both.  They  are  so  many  corcula  propelling  the 
animal  spirit  through  the  medullary  fibres  and  nervous  system, 
and  so  many  pulmuncula  performing  an  animatory  motion  syn- 
chronous with  the  respiratory  motion  of  the  lungs,  although 
not  dependent  upon  it,  but  automatic  or  self-derived,  and  which 
indeed  generates  the  motion  of  the  lungs,  as  the  end  generates 
the  cause,  or  the  cause  the  effect.  The  ethereal  medium  that 
they  respire  they  derive  principally  through  what  are  termed  by 
Swedenborg  the  corporeal  fibres,  which  originate  in  the  skin. 
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and  run  back  from  the  last  boundaries  of  the  body  to  the  first 
in  the  brain.  Now  the  physiologists  have  never  discovered  the 
animation  of  the  brain^  because  they  have  never  seen  the  re- 
spiration of  the  lungs  in  its  primary  light.  Had  they  done  this^ 
it  would  have  been  evident  that  the  respiratory  motion  exercises 
a  traction  upon  the  sheaths  of  all  the  great  nerves^  and  expands 
them^  and  that  this  traction  is  the  external  cause  of  a  nervous 
circulation;  for  were  there  no  fluid  to  respond  to  the  force^ 
there  would  be  a  tendency  to  a  vacuum  in  these  most  impressi- 
ble organs,  and  their  parts  would  be  strained,  or  drawn  asunder. 
But  if  there  be  a  real  circulation  in  the  nervous  system,  it  miist 
have  centres  that  propel  it,  and  times  and  moments  in  which 
it  is  performed.  We  have  already  seen  that  in  this  case  the 
fluid  is  externally  drawn  forth  by  the  attraction  of  the  lungs, 
consequently  in  the  times  of  the  respirations,  and  hence  it  must 
be  drawn  in  by  the  brains  in  the  same  times ;  in  short,  the  ani- 
mations of  the  brains  must  be  synchronous  with  the  respirations 
of  the  lungs.  Hence  it  is  that  the  brain  supplies  the  body  with 
internal  motive  force  at  the  same  instants  as  do  the  lungs  with 
external ;  the  heart  only  maintaining  the  organs  in  a  state  of 
potency,  and  supplying  what  they  demand  by  the  influx  of  this 
compound  attractive  force  operating  according  to  their  various 
fiftbrics. 

It  must  not  be  inferred  that  a  truth  of  such  paramount  im- 
portance in  physiology  as  the  animation  of  the  brain,  rests  upon 
the  slight  chain  of  reasoning  attempted  above.  No ;  its  attesta- 
tion is  as  general  as  the  truth  itself  is  universal.  But  since 
Swedenborg  has  taken  the  proof  of  it  upon  his  own  Atlantean 
shoulders,  the  reader  is  referred  to  his  treatise*  on  the  subject 
for  further  corroborations.  But  it  may  be  useful  to  indicate, 
that  the  doctrine  is  in  no  way  shaken  by  the  existence  of  the 
pulsatile  movement  so  readily  felt  in  young  children,  nor  yet  of 
that  other  movement,  alternate  and  not  synchronous  with  the 
respirations,  which  has  been  observed  by  some  experimentalists. 
The  truth  is  that  all  the  three  movements  proceed  uninterrupted 
by  each  other ;  and  that  the  alternate  movement,  which  is  refer- 
able to  the  blood  rushing  out  by  the  veins  during  inspiration,  is 

*  Economj  of  the  Animal  Kingdom,  tr:  ii.,  1 — 68. 
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what  chiefly  masks  the  synchronous  movement^  which  is  auto- 
matic^ or  referable  to  the  brain  itself. 

There  is  no  part  of  Swedenborg's  system  which  is  better 
worthy  of  attention  than  the  doctrine  of  the  skin.  As  the 
skin  is  the  continent  and  ultimate  of  the  whole  system^  so  all 
the  forms^  forces  and  uses  of  the  interior  parts  coexist  within  it. 
Moreover  as  it  is  the  extreme  of  the  body,  and  the  contact  of 
extremes,  or  circulation,  is  a  perpetual  law  of  nature,  so  from 
the  skin  a  return  is  made  to  the  other  extreme,  namely,  to  the 
cortical  substances  of  the  brain.  Hence  the  first  fimction  of 
the  skin  is,  "  to  serve  as  a  new  source  of  fibres.^'  For  the 
fibres  of  one  extreme,  to  wit,  the  brain,  also  called  by  Swe- 
denborg  the  fibres  of  the  soul,  could  not  of  themselves  com- 
plete the  formation  of  the  body,  but  could  only  supply  its 
active  grounds ;  and  therefore  these  fibres  proceed  outwards  to 
the  skin,  which  is  the  most  general  senseHal  expanse  of  the 
brain,  and  there  generate  the  papillse;  and  again  emei^ng 
from  the  papillae,  and  convoluted  into  a  minute  canal  or  pore, 
they  take  a  new  nature  and  name  from  their  new  beginning,  and 
become  the  corporeal  fibres,  or  the  fibres  of  the  body,  which 
proceed  from  without  inwards  to  the  brain,  and  unite  them- 
selves to  its  cortical  substances.  These  are  the  passives  of  which 
the  nervous  fibres  are  the  actives ;  the  veins  or  female  forces  of 
which  the  nervous  fibres  are  the  arteries  or  males ;  and  ''they 
suck  in  the  purer  elemental  food  from  the  air  and  ether,  convey 
it  to  their  terminations,  and  expend  it  upon  the  uses  of  life.^' 

Besides  this,  the  skin  has  a  series  of  other  functions  which 
there  is  not  space  to  dwell  upon  at  present.  Inasmuch  as  it  is 
the  most  general  covering  of  the  body,  therefore  it  communi- 
cates by  a  wonderful  continuity  with  all  the  particular  coverings 
of  the  viscera  and  organs,  and  of  their  parts,  and  parts  of 
parts.  And  as  it  communicates  with  all  by  continuity  of  struc- 
ture, so  it  also  communicates  by  continuity  of  function ;  the 
whole  body  being  therefore  one  grand  sensorium  of  the  sense 
of  touch.  In  short,  the  animal  spirit  is  the  most  imiversal  and 
singular  essence  of  the  body  and  all  its  parts;  the  skin,  the 
most  general  and  particular  form  corresponding  to  that  essence. 

Having  thus  bestowed  a  cursory  glance  upon  some  points  of 
Swedenborg's  doctrine  of  the  three  spheres  of  the  body,  and 
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their  most  general  and  particular  continent,  the  skin,  we  shall 
now  enlarge  a  little  on  certain  subjects  that  have  already  been 
mentioned,  in  order  to  give  them  a  more  distinct  place  in  the 
reader's  apprehension.  And  first  with  respect  to  the  circula- 
tion. It  is  clear  that  in  assigning  its  due  weight  to  the  primary 
function  of  the  hmgs,  we  obtain  a  law  which  enables  us  to 
limit  the  functions  of  the  heart  and  arteries ;  and  the  result  is, 
that  the  heart  and  aorta  simply  propel  the  blood  to  the  mouths 
of  the  arteries  leading  into  the  viscera,  and  the  viscera  them- 
selves attract  it  thenceforth,  and  dominate  over  the  circulation 
of  their  own  vessels,  commanding  it  to  take  place  in  the  times  of 
the  respirations,  and  not  in  the  times  of  the  pulses  of  the  heart. 
As  one  means  to  this  end,  the  vessels  which  supply  the  organs, 
generally  come  off  at  right  angles  from  the  great  artery. 

But  there  is  another  branch  of  this  subject  which  is  worthy 
of  attention.  The  circulation  in  the  great  vessels  is  compa- 
ratively inordinate  or  confused,  because  in  them  the  blood  is  all 
mingled  together  in  a  heterogeneous  mass,  and  propelled  on- 
wards by  an  external  force ;  but  the  circulation  in  the  capillaries 
is  most  orderly  and  distinct,  being  an  automatic  movement  per- 
formed by  the  single  globules  of  the  blood,  in  vessels  which 
correspond  to  them  individually,  and  where  they  are  perfectly  at 
home.  If  a  comparison  be  permitted,  they  constitute  a  medley 
crowd  in  the  heart  and  aorta,  but  march  separately,  man  by 
man,  in  the  capillaries.  Hence  the  blood  in  its  mass  can  but 
imperfectly  manifest  its  living  endowments,  but  when  sundered 
into  its  individualities  or  leasts,  it  distinctly  exercises  its  dy- 
namic nature,  and  flows  spontaneously ;  for  it  is  a  spiral  and 
circular  force,  and  tends  therefore  to  a  spiral  gyration,  or  to 
circulation.  Indeed  in  a  universal  sense,  the  leasts  of  the 
blood  are  the  causes  of  the  hearths  action,  and  the  grounds  of 
the  whole  sanguineous  movement ;  although  speaking  in  gene- 
rals, the  heart,  and  the  lungs  acting  on  the  viscera,  are  the  joint 
causes  of  this  effect. 

The  blood  is  the  product  of  the  whole  organic  system.  The 
brain  and  lungs  give  it  soul  and  spirit ;  the  abdominal  viscera, 
by  means  of  the  food,  supply  it  with  body  or  embodiment; 
wherefore  each  globule  is  an  image  of  man  inasmuch  as  it  has 
both  a  soul  and  a  body.     Every  viscus  contributes  a  distinct 
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share  to  its  generation  and  regeneration.  The  animal  spirit  is 
its  organizing  principle.  The  blood  consists^  in  the  language 
of  Swedenborg,  of  mere  simples ;  that  is  to  say,  it  contains  the 
primal  unities  of  all  the  series  in  the  body,  and  being  readily 
resolvable  into  each,  can  give  origin  and  seed  to  aU  its  possible 
compounds,  whether  they  be  solids  or  fluids.  Nothing  exists  in 
the  body  that  did  not  preexist  in  the  blood.  As  it  is  distinctly 
compounded  of  a  triple  order  of  substances,  so  during  each 
round  of  the  circulation  it  is  distinctly  decompounded  or  re- 
solved into  each.  Its  spirit,  spirituous  lymph,  and  bodily  por- 
tion are  sundered  as  often  as  it  circulates ;  the  former  is  claimed 
by  the  cortical  substances  of  the  brain ;  the  lymph  is  rendered 
back  to  the  blood  in  a  circle  by  the  lymphatics ;  and  the  embo- 
diment, by  the  veins.  The  reason  why  it  undergoes  this  reso- 
lution is,  that  thereby,  when  its  simples  are  disengaged,  it  gives 
birth  to  all  the  vital  fluids,  and  renovates  all  the  solids ;  and 
moreover  submits  itself  to  perpetual  purification,  self-examina- 
tion, or  lustration.  Those  portions  of  it  which  are  no  longer  of 
use  are  thrown  out  of  the  system  by  various  excretions,  the  loss 
thus  occasioned  producing  that  sense  in  the  little  veins  all  over 
the  body,  which  in  the  aggregate  we  term  hunger  and  thirst. 
The  blood  of  the  jugular  veins  which  has  been  de-spirituated  in 
the  brain,  is  vivified  a&esh  in  the  lateral  sinuses,  by  a  spirituous 
lymph  sent  forth  from  the  pituitary  gland,  which  is  the  conglo- 
bate gland  of  the  cerebrum.  Thus  the  effete  spirit  of  the  brain 
unites  with  its  effete  blood,  and  both  together  serve  as  a  men- 
struum, medium,  or  saliva  for  introducing  the  new  chyle  into 
the  sanguineous  system.  It  is  for  this  reason  that  the  thoracic 
duct  is  inserted  at  or  near  the  bottom  of  the  jugular  vein.  But 
the  circulation  of  the  blood,  although  it  may  be  considered  by 
itself,  yet  like  all  things  in  the  body,  is  but  a  part  of  a  more 
universal  order,  termed  by  our  author  the  circle  of  life ;  and 
which  involves  in  one  the  circulation  of  both  the  blood  and  the 
spirits. 

All  the  fluids  of  the  body  institute  circulations  after  the 
image  of  the  circulation  of  the  blood.  Such  may  be  readily 
seen  to  be  the  case  with  respect  to  the  saliva,  the  bile,  the 
fat,  &c.,  &c. 

The  circulation  of  the  animal  spirits,  supplied  to  the  brain 
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through  the  corporeal  fibres  firom  the  ethereal  media  of  the  uni- 
verse, as  well  as  by  the  blood  of  the  carotid  arteries,  and  elabo- 
rated in  the  cortical  substances,  is  not  a  simple  circle,  like  that 
of  the  blood,  but  a  transcendent  circle,  leaping  from  series  to 
series,  omnipresent  in  all  things  and  conjoining  all.  For  the 
spirit  is  propelled  by  the  cortical  substances  or  "  corcula  cerebri'' 
through  the  medullary  and  nervous  fibres ;  by  the  nervous  fibres 
into  the  arteries,  where  it  is  inserted  into  the  globules  of  the 
blood,  and  constitutes  their  life  and  soul;  and  it  is  carried  back 
in  the  blood  by  the  carotid  arteries  to  the  same  cortical  sub- 
stances, there  to  be  purified,  conjoined  with  fresh  spirit,  and 
begin  its  circle  anew.  The  animation  of  the  brain  is  the  first 
moving  cause  of  the  circulation  of  the  spirits ;  the  respiration 
of  the  lungs  the  secondary  or  corporeal  cause,  which  operates 
by  a  general  traction  upon  the  external  membranes  of  all  the 
organs,  vessels,  and  fibres  of  the  body.  For  the  bndns  give 
the  universal  or  most  internal  life  of  the  body,  and  in  this  re- 
spect, as  propulsive  causes,  represent  the  capillaries  or  distinct 
corcula  of  the  nervous  circulation ;  the  lungs,  the  general,  or 
most  external  life,  and  represent  the  one  heart  of  the  same. 

The  above  doctrine  may  conveniently  suggest  the  idea,  that 
points  of  analogy  are  not  points  of  sameness  or  identity,  but  in 
reality,  of  harmonic  difference.  The  circulation  of  the  blood  is 
one  thing,  and  images  that  of  the  spirits ;  but  notwithstanding, 
the  circulation  of  the  spirits  is  quite  another.  Each  fluid  has 
its  own  peculiarities,  and  its  circle  is  appUcable  only  to  its  own 
sphere.  It  is  an  abuse  of  analogy  if  we  use  it  to  destroy  and 
not  to  reconcile  differences ;  and  if  so  abused,  it  becomes  a 
childish  and  paltry  instrument,  totally  inadequate  to  guide  the 
mind  through  the  labyrinths  of  nature.  To  revert  to  the  present 
case,  it  has  been  attempted  to  be  shewn,  that  the  circulation 
of  the  animal  spirits  is  a  simple  circle,  precisely  like  that  of  the 
blood.  But  for  the  purposes  of  analysis,  it  ought  to  be  paral- 
leled with  what  is  higher  than  itself,  and  not  with  what  is  lower. 
Let  us  take  as  illustrative  the  grand  circle  involved  in  genera- 
tion ;  for  "  all  things  that  involve  an  end  constitute  a  circle.'* 
In  this  example,  the  male  and  female  conspire  to  generate  a 
new  being :  the  male  fluid  is  propelled  out  of  the  body  into  the 
body  of  the  female,  or  from  one  series  into  another ;  here  it  is 
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developed  or  embodied^  and  is  again  propelled  from  the  ma- 
ternal series  into  that  of  the  external  universe :  afterwards  it  is 
developed  inwards  from  the  body  to  the  mind,  and  when  its 
circles  of  education  and  information  are  completed,  it  returns 
as  a  member  of  that  society  from  which  it  proceeded,  to  com- 
mune with  the  principles  that  gave  it  origin  in  the  parents,  to 
amplify  th6ir  sphere,  and  enlarge  their  amount  of  social  life. 
The  circulation  of  the  spirits  is  more  like  this  of  generation, 
than  like  that  of  the  blood ;  fDr  being  a  universal  it  belongs  to 
the  sphere  of  universaLs,  and  is  but  poorly  imaged  in  particulars, 
which  are,  indeed,  but  portions  of  itself. 

We  have  already  treated  of  the  limits  of  the  circulation 
considered  as  proceeding  from  the  heart,  and  have  had  occasion 
to  hint  at  the  attraction  exercised  by  the  several  organs.  The 
truth  is,  that  the  latter  demand  different  and  varying  quantities 
and  qualities  of  blood  at  different  times,  according  to  their  dif- 
ferent states  as  determined  by  and  determining  the  state  of  the 
body;  and  that  the  heart  and  aorta,  as  a  propulsive  power,  can 
have  no  share  in  apportioning  these.  Hence  an  attractive  force 
is  given  to  the  viscera  themselves,  whereby  all  the  commodities 
in  the  body  are  placed  at  their  disposal ;  or  as  Swedenborg  says, 
"  they  are  enabled  to  summon  what  they  require,  fi^m  the  uni- 
versal mass  of  the  blood.^'  For  each  organ,  and  each  part  and 
particle  of  each,  is  an  individual  member  of  a  perfect  society, 
possessing  the  form  of  a  stupendous  rationality  whereby  to  dis- 
cern its  wants,  and  of  an  equal  liberty  to  enable  it  to  supply 
those  wants  fi^m  the  community,  on  the  condition  of  reciproca- 
tion of  use :  not  the  smallest  intrusion  upon  its  individuality  by 
the  common  powers  is  permitted  for  a  moment ;  for  should  this 
take  place,  disease  is  the  inevitable  consequence.  But  let  it  not 
be  imagined  that  the  attraction  exerted  by  the  organs  is  of  a 
violent  character,  or  that  their  movements  are  other  than  gentle 
and  tranquil.  It  is  unnecessary  that  such  should  be  the  case ; 
inasmuch  as  there  is  always  a  propulsion  or  incitation  corre- 
sponding to  the  attraction  or  invitation,  so  that  what  the  organ 
demands  is  immediately  supplied.  For  when  the  unities  or 
leasts  of  an  organ  expand  to  draw  in  their  blood,  their  vessels 
contract  to  propel  it ;  and  by  virtue  of  the  simultaneous  expan- 
sion of  the  unities  and  contraction  of  the  vessels,  the  size  o& 
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the  organ  is  scarcely  altered^  and  its  motion  is  almost  im- 
perceptible. 

The  motions  of  the  organs  of  the  body  are  an  important 
subject  in  Swedenborg's  theory ;  occasionally  seen  in  glimpses 
by  many  writers,  among  whom  may  be  instanced  our  own  phi- 
losophic GUsson,*  yet  not  recognized  by  them  as  a  necessary 
law.  It  has  been  remarked  before,  that  the  lungs  and  the 
brains  give  each  organ  a  universal  motion,  at  once  internal  and 
external.  But  it  would  be  an  error  to  suppose,  because  the 
motion  communicated  is  one  and  the  same,  that  therefore  it  is 
not  received  and  appropriated  diflferently,  in  other  words,  mo- 
dified, by  the  organs  themselves.  So  truly  is  this  the  case,  that 
the  motion  takes  place  in  every  instance  in  accordance  with  the 
geometrical  form  of  the  organ,  as  made  up  of  lesser  and  least 
parts,  and  these  forming  axe^  diameters,  and  circumferences, 
general,  specific,  particular,  and  lingular.  Always  indeed  it  is 
expansion  and  constriction,  these  being  nature^s  own  motions, 
and  pervading  the  universe,  elemental,  material,  and  oi^anic. 
Nevertheless  it  is  an  expansion  and  constriction  proceeding  ac- 
cording to  the  form  of  the  organ.  As  a  general  rule,  the  most 
fixed  point  of  every  organ  is  its  centre  of  motion,  from  which 
its  expansion  and  constriction  begins,  to  which  it  returns,  and 
in  which  it  terminates.  For  each  organ  is  an  individual,  made 
up  of  an  infinity  of  lesser  individuals,  whereof  one  and  all  live 
their  own  lives,  exercise  their  own  forces,  and  perform  their 
own  actions,  and  only  rely  upon  the  general  system  for  suppUes, 
which  they  can  convert  to  use  in  their  own  way,  and  according 
to  their  own  essence ;  and  this,  no  matter  whether  the  supplies 
be  supplies  of  blood  and  fluids,  or  supplies  of  motion.  The 
material  always  comes  firom  without,  but  the  disposal  of  it  from 
within.  These  motions  convert  the  organs  from  powers  into 
forces ;  so  that  it  may  be  stated  as  a  law,  that  the  heart  and  the 
blood  generate  the  body;  but  that  the  brain  and  the  lungs  make 
use  of  it,  and  wield  it  as  an  instrument  of  action.  As  a  rude 
illustration  of  this,  we  may  instance  the  case  of  human  ma- 
chines. The  fabrication  of  a  steam  engine  by  artificers  in  the 
workshop  is  one  thing,  and  analogous  to  the  formation  of  the 

*  Glisflon  is  well  worth  consulting  on  the  motion  of  the  liver :  see  his  *'  Anatomia 
Uepatb/'  pp.  62,  63,  67,  68,  69;  12mo.,  Amsterdam,  1659. 
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body  by  the  blood,  the  vessels,  and  the  heart ;  but  to  make  use 
of  the  same  engine  requires  altogether  a  different  series  of 
powers, — ^fire,  water,  steam,  and  a  new  order  of  workmen,  ana- 
logous to  the  brain,  the  lungs,  and  their  motions. 

As  motion  is  a  necessary  condition  of  actual  life  in  the 
whole  body,  and  all  its  organs  and  their  parts,  so  likewise  is 
sensation.  For  without  sensation  the  organs  would  not  be  able 
to  exercise  their  attractions  and  repulsions  with  benefit  either 
to  themselves  or  the  system.  The  cerebrum  is  our  general  sen- 
sorium,  in  which  we  are  conscious  of  all  the  impressions  that 
rise  from  the  external  sensoria,  of  sight,  hearing,  smell,  taste, 
and  touch;  which  sensoria  occupy  the  circumference  of  the 
body :  but  the  cerebellum  takes  cognizance,  apart  from  our  con- 
sciousness, of  all  the  impressions  that  are  made  in  the  interiors 
of  the  body ;  namely,  of  every  contact,*  in  general  and  in  par- 
ticular, between  the  solids  and  the  fluids.  Therefore  the  cere- 
bellum is  aware  of  the  whole  state  of  the  kingdom  of  the  body 
in  its  minutest  details,  and  disposes  and  governs  it  agreeably  to 
the  ends  for  which  corporeal  life  is  instituted.  Now  the  human 
frame,  unlike  that  of  other  animals,  is  coordinate  with  the  whole 
external  universe ;  it  is  an  organization  correlated  and  respon- 
sive to  the  entire  series  of  the  natural  creation.  The  brain  is  a 
form  of  the  elemental  kingdom ;  the  lungs,  of  the  atmospheric 
world ;  and  the  abdomen,  of  the  terraqueous  globe.  Nothing 
less  than  this  can  be  the  case,  inasmuch  as  the  body  descends 
from  the  highest  sphere  to  the  lowest,  and,  by  the  heart  and  its 
vessels,  reascends  from  the  lowest  to  the  highest,  and  thus 
doubly  draws  with  it  the  order  of  the  universe.  Each  degree 
of  the  body  involves  a  sensation  of  its  external  coordinate.  Of 
the  external  senses  specifically,  sight  is  coordinate  with  the 
ether,  and  apprehends  its  modifications;,  hearing,  with  the  air, 
and  perceives  its  vibrations ;  smell,  with  the  effluvia  of  matter ; 
taste,  with  the  essences  of  body ;  and  touch,  with  body  in  its 
ultimate  or  concrete  form.     The  first  two  senses  therefore  are 

*  It  is  suggested  to  the  medical  reader  to  consider,  whether  Swedenborg's  theory, 
that  the  sense  of  touch,  and  its  organism  and  accidents,  pervade  every  particle  of 
the  body,  lends  any  support  to  the  remarkable  view  taken  by  Hahnemann,  that 
seven  eighths  of  the  dironic  maladies  afflicting  the  human  frame  are  forms  of  psora, 
and  that  aU  such  maladies  are  referable  in  some  sense  to  three  types  of  skin  disease. 
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atmospheric  senses ;  the  latter^  material^  and  may  be  fitly  re- 
garded as  different  forms  of  tonch.  There  are  then  three  grand 
genera  of  touch.  The  first  genus  prevails  all  over  the  circum- 
ference^ and  constitutes  touch  proper:  the  second  prevails  in 
the  innermost  parts  of  the  body^  beginning  from  the  tongae; 
namely^  in  the  oesophagus^  the  stomachy  the  intestines,  and  all 
the  viscera  of  the  abdomen,  and  at  the  threshold  of  this  series 
is  called  taste :  the  third  genus  prevails  likewise  in  the  inner- 
most parts  of  the  body,  but  beginning  from  the  nares;  namely, 
in  the  trachea,  the  larynx,  and  the  lungs,  or  in  the  viscera  of 
the  thorax,  and  at  the  entrance  to  these  is  called  smell.  The 
sense  of  taste  again  is  divided  into  as  many  species  as  there  are 
viscera  of  the  abdomen,  and  these  species  into  as  many  parti- 
cular differences  as  there  are  unities  in  each  viscus.  **  From  the 
variety  of  the  particular  sensations  of  one  viscus,  a  common 
sensation  arises;  and  fix>m  the  variety  of  sensations  of  many 
viscera,  a  still  more  common  sensation  arises.  And  firom  all 
and  each  of  these  sensations  conveyed  by  the  fibres  to  the  cere- 
bellum, the  soul,  by  means  of  this  sense,  here  apperceives  speci- 
fically the  states  of  chylification,  sanguification,  and  purification; 
in  a  word,  of  nutrition ;  and  according  to  the  perception,  dis- 
poses those  viscera  to  the  conservation  of  the  whole  and  the 
parts,  which  is  the  effect  and  use  that  this  sense  produces.^' 
The  villi  on  the  internal  surfaces  of  the  abdominal  organs  are 
the  papillary  sensoria  of  the  above  sense. 

Thus  in  the  living  body  sense  and  motion  are  universal,  and 
mutually  suppose  each  other,  just  as  is  the  case  in  the  mind 
with  the  will  and  the  understanding.  The  deprivation  of  any 
one  of  these  predicates  in  any  part  of  its  own  sphere,  amounts 
to  the  death  of  that  part,  and  either  involves  its  elimination,  or 
the  death  of  the  whole  system. 

But  as  every  part  of  the  body  is  a  &ee  individual,  dependent 
upon  the  whole,  and  yet  independent  in  its  own  sphere,  so  the 
body  itself,  although  sustained  generally  by  the  external  uni- 
verse, in  its  interiors  is  altogether  exempt  firom  the  power  and 
jurisdiction  of  the  latter.  It  is  so  far  under  the  mundane  law 
of  gravitation,  that  we  are  forced  to  make  our  dwelling-place^ 
build  up  our  abodes,  and  institute  our  communities,  upon  the 
soil  of  the  earth:  but  intrinsically  the  microcosm  dominates 


Digitized  by  VjOOQ IC 


BY    THE    TRANSLATOR.  XXXVll 

over  the  macrocosm.  The  substances  and  fluids  in  its  interiors 
do  in  £act  gravitate^  although  not  to  the  centre  of  the  planet^ 
but  to  that  of  the  particular  motion  in  whose  current  they  are 
involved.  This  centre  of  motion  may  be  either  upward  or 
downward^  specJdng  according  to  those  relations  as  existing  in 
the  surrounding  world ;  for  in  the  body  the  centre  of  motion  is 
always  the  downward  pointy  and  its  diameters  and  circumfer- 
ences are  always  the  upward ;  for  the  body  itself  is  nothing 
but  a  stupendous  series  of  motions^  in  whose  everlasting  cur- 
rents its  solids  are  ranged  and  its  fluids  are  fluent.  When  any 
substance  has  attained  one  centre  of  motion^  it  is  then  at  rest 
in  the  viscus  or  organ  in  whose  sphere  it  was  moving :  but  that 
very  centre  is  only  a  point  in  the  circumference  of  another 
sphere^  to  the  centre  of  which  the  substance  is  now  again  drawn 
and  impelled ;  and  so  forth.  In  shorty  all  things  in  the  bodily 
system  are  tending  from  centre  to  centre^  and  do  not  begin  to 
tend  to  the  centre  of  the  planet^  until  they  arrive  in  the  last^ 
lowest^  and  most  general  centre  of  motion  of  the  microcosm^ 
where  a  mixed  action  commences  between  it  and  the  macro- 
cosm^ as  is  the  case  in  the  bladder  and  the  rectum.  In  illus- 
tration of  this  multiple  centripetency^  the  fluids  in  the  gyrating 
intestines  tend  first  to  their  parietes^  and  then  into  their  cellular 
coat^  which  is  their  centre  of  motion :  this  centre  of  motion  is 
the  circumference  of  the  mesentery,  which  now,  by  its  attrac- 
tion, draws  the  fluids  to  its  most  quiet  station  or  centre  of 
motion,  namely,  to  the  receptaculum  chyli.  Here  again,  in  rea- 
soning fix>m  the  external  world  to  the  internal,  we  may  see  the 
use  of  cultivating  in  the  mind  a  principle  of  flexibility,  which 
will  enable  us  to  modulate  fix>m  the  order  of  one  sphere  into 
that  of  another ;  for  each  individual  subject  has  its  own  essence 
and  peculiarities  which  must  never  be  overlooked,  and  although 
formed  on  the  model  of  the  universe,  derives  its  determinations 
from  its  own  principles,  as  much  as  the  universe  does  from  its 
own  principles.  All  things  are  under  the  law  of  gravitation, 
but  the  gravitation  of  one  is  not  the  gravitation  of  another, 
because  the  motion  is  not  the  same,  nor  the  end  for  which  the 
motion  is  instituted. 

Thus  in  the  body  we  have  a  perpetual  illustration  of  the 
law,  that  fluids  always  tend  from  unquiet  to  more  quiet  sta- 
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tions ;  analogous  to  the  rule  in  physics^  that  fluids  always  find 
their  level;  and  to  the  principle  in  the  spiritual  worlds  that 
every  man  gravitates,  "per  varios  casus,  per  tot  discrimina 
rerum/*  to  the  final  state  of  his  ruling  love. 

This  may  give  us  some  idea  of  the  body  as  a  machine  of 
ends,  in  which  there  is  not  the  least  point  but  flows  from  a  use, 
and  tends  to  a  use,  and  so  through  perpetual  revolutions.  For 
every  part  of  the  oi^anism  is  a  centre  in  itself,  in  that  the 
whole  body  conspires  to  supply  and  maintain  it ;  and  a  circum- 
ference, since  being  only  a  part,  it  yields  its  uses  primarily  to 
the  whole,  and  only  secondarily  to  itself.  The  external  uni- 
verse, in  all  its  spheres,  communicates  with  the  body  by  a 
similar  law.  These  centres,  arranged  according  to  the  laws  oi 
forms,  order,  degrees,  and  series,  constitute  diameters  and  cir- 
cumferences, in  a  word,  make  up  the  human  frame,  which 
therefore  is  a  world  of  centres,  or  speaking  generally,  is  the 
central  work  of  creation.  For  there  is  nothing  in  nature  but 
man,  to  which  all  things  can  minister  a  use. 

The  body  is  exempt  not  only  from  the  gravitation  but  from 
the  chemistry  of  the  circumambient  world.  It  has  its  own  heat, 
of  which  there  are  various  degrees,  and  which  is  as  distinct 
from  the  heat  that  vivifies  external  nature,  as  its  gravitation  is 
distinct  from  the  gravitation  of  natiure.  It  has  its  own  distinct 
imponderable  fluids,  its  own  atmospheric  elements,  its  own 
fluids,  and  its  own  solids.  It  has  its  own  complete  oi^anic 
chemistry,  in  which  organization  is  the  only  end.  No  chemical 
changes  that  occur  in  the  extremes  of  the  system,  (where  a 
mixed  action  commences,  of  the  microcosm  and  the  macro- 
cosm,) no  chemical  analysis  of  the  excrements  or  the  excretions, 
no  experiments  on  the  dead  fluids  or  tissues,  empowers  us  in 
the  slightest  degree  to  reason  to  similar  chemical  effects  in  the 
interiors  of  the  body.  The  organs  of  the  body  themselves  are 
the  only  workmen,  appliances,  and  laboratories,  by  which  and 
in  which  organic  chemistry  is  performed ;  the  contemplation  of 
those  organs  and  their  products  by  the  rational  mind  is  the 
only  path  to  the  knowledge  of  such  chemistry.  In  this  che- 
mistry there  is  indeed  decomposition  or  decombination,  but 
instead  of  a  destruction  of  form  and  series,  a  purification  from 
those  elements  that  mar  their  harmony,  and  in  the  decombina- 
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tion,  an  evolution  of  higher  forces,  and  an  elevation  into  a 
more  perfect  order  similar  to  that  of  the  compound ;  and  last 
of  all,  invariably  a  recombination.  But  to  take  a  part  or  pro- 
duct of  an  organic  being,  and  subject  it  to  destructive  analysis, 
— such  a  procedure  can  only  be  termed  disorganic  chemistry, 
as  expressing  that  it  is  the  very  reverse  of  what  goes  on  in  the 
body.  For  this  process  is  analogous  to  putrefaction,  and  not  to 
formation. 

Throughout  nature  every  general  is  made  up  of  its  own 
particulars.  These  particulars  are  its  imities,  and  constitute 
the  limits  of  its  series.  For  instance,  the  pulmonary  vesicles 
are  the  unities  of  the  lungs,  or  the  essential  parts  firom  which 
the  pulmonary  series  commences  :  the  vessels  and  nerves  that 
construct  these  vesicles  are  not  the  unities  of  the  lungs,  because 
they  are  not  peculiar  to  the  lungs,  but  form  the  groundwork  of 
the  whole  body.  Men  and  women  are  the  imities  or  atoms  of 
human  society,  not  that  they  are  indivisible,  but  that  they  are 
the  simplest  forms  of  their  own  series.  The  unities  of  each 
organ  in  the  body  are  so  many  little  organs  homogeneous  with 
their  compound :  the  unities  of  the  tongue  are  little  tongues ; 
those  of  the  stomach  are  little  stomachs ;  those  of  the  liver  are 
little  livers ;  and  so  forth.  These  leasts  or  unities  are  not  ne- 
cessarily identical  with  their  compounds  in  form,  but  only  in 
function;  for  in  the  field  of  leasts  (in  campo  minimorum), 
similitude  of  use  determines  homogeneity,  and  similitude  of 
shape  is  of  no  consequence.  As  every  general  is  the  sum  of  its 
particulars  as  a  form,  so  is  it  also  as  a  power,  force  or  cause. 
The  function  represented  by  an  organ  is  performed  more  freely, 
perfectly,  and  efSciently,  by  its  unities  or  leasts,  than  by  its 
common  form.  For  the  leasts  are  the  subjects  of  higher  influ« 
ences,  they  are  more  proximately  related  to  the  series  above 
them  from  which  the  power  of  the  whole  is  derived,  more 
easily  exempted  from  the  laws  of  gravity,  and  more  gently  and 
distinctly  recipient  of  external  forces.  They  are  nearer  to  the 
substance  of  substances,  and  as  it  were  more  divine.  They  are 
the  all  in  all  of  their  own  series;  the  essences  of  which  the 
general  is  the  form ;  the  actives  of  which  the  compoimd  is  the 
passive.  In  the  expressive  language  of  Swedenborg,  "all 
power  resides  in  the  least  things,^'  and  again,  ''nature  is  great- 
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est  in  what  is  leasts  and  least  in  what  is  greatest/^*  The  field 
of  leasts  is  the  field  of  universality^  where  an  action  commnni- 
cated  pervades  the  entire  sphere  as  though  it  were  but  a  point 
of  space ;  for  the  more  internal  the  sphere,  the  more  intense 
the  association.  The  stream  of  creative  influx  enters  the  com- 
pound through  the  gate  of  its  leasts.  The  difference  between 
the  latter  and  the  former  is  as  between  the  ideal  and  the  real ; 
the  ideal  being  represented  in  the  leasts;  the  real,  with  its 
complications,  and  subservience  to  secondary  laws  and  external 
circumstances,  in  the  compound.  Let  us  recur  for  an  example 
to  the  highest  and  simplest  instance ;  to  the  case  as  existing 
between  an  individual  man,  and  a  society  or  a  nation.  In  the 
individual,  the  body  is  the  very  manifestation  of  the  mind ;  the 
servant  is  the  obedient  and  accurate  image  of  the  master.  The 
will,  as  the  ground  of  activity,  flows  through  a  series  of  intel- 
lectual means  evoked  fix>m  itself,  with  the  smallest  diminution 
of  force  and  efficiency  into  the  bodily  actions,  th^re  bdng  no 
separate  or  self  interest  to  absorb  it  either  in  the  understanding 
or  the  body ;  and  thus  the  monarchy  of  the  first  principle  is 
pervading,  absolute,  and  complete.  But  how  different  are  the 
actions  of  a  society  or  compound  individual ;  its  interests  how 
divided;  its  instruments  how  insubordinate;  how  great  the 
distance  between  its  legislative  and  executive,  its  will  and  its 
actions ;  through  what  inept  mediations  the  former  must  pass 
into  the  latter ;  what  an  absorption  is  there  of  the  first  force  in 
the  passage ;  what  a  refiraction  and  dispersion  of  the  intentions 
of  the  government  before  they  can  ultimately  be  applied  to  the 
governed.  Now  the  same  is  true  with  the  simples  and  com- 
pounds of  every  series  in  creation,  as  with  the  simples  and 
compounds  of  humanity. 

We  come  now  to  speak  of  the  formation  of  the  body,  which 
takes  place  by  a  gradual  descent  firom  the  higher  to  Uie  lower 
forms,  or  by  the  perpetual  derivation,  composition,  and  convo- 
lution of  simples.  Speaking  in  generals,  the  spiral  form  may 
illustrate  the  progression.  For  this  purpose  let  us  assume  the 
primary  fibre  of  the  brain,  without  going  deeper,  or  to  the 
spherules  of  which  that  first  fibre  is  composed.     This  fibre, 

*  Prindpia,  Part  I.,  ChAp.  z.,  §  8. 
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named  by  Swedenborg  the  fibre  of  the  soul,  involves  tbe  spiral 
form  and  force,  and  carries  the  animal  spirit.  By  its  evolution, 
or  what  amounts  to  the  same  thing,  its  circumvolution  into  a 
new  spiral,  it  forms  the  nervous  fibre,  which  carries  the  true 
purer  blood,  or  nervous  fluid ;  and  this  again  (for  it  likewise  is 
a  spiral  force),  by  its  circumvolution  generates  the  blood-vessel, 
which  carries  the  fluid  of  the  third  degree  or  sphere,  namely, 
the  red  blood.  Hence  every  artery  involves  a  triple  series  of 
circulations,  wonderfully  alternating  with  each  other.  For  the 
nervous  fibre,  in  its  expansion  and  constriction,  is  precisely  al- 
ternate with,  or  the  inverse  of,  the  primary  fibre ;  and  the  same 
relation  of  harmonious  discord  subsists  again  between  the  blood- 
vessel and  the  nervous  fibre.  Thus  the  cause  of  expansion  in 
the  one  sphere,  is  the  cause  of  constriction  in  the  sphere  above 
it :  to  convert  the  expansion  of  the  blood-vessels  into  constric- 
tion, the  nerves  are  approached  by  an  expansile  agent  adapted 
to  their  own  subtle  and  active  nature ;  for  by  the  law  of  in- 
version,  the  expansion  of  the  one  =  the  constriction  of  the 
other.  The  play  of  this  inversion,  in  its  perfect  form,  is  a  con- 
dition of  health ;  but  in  man's  present  state,  the  equiUbrium  is 
too  often  lost,  there  being,  in  the  words  of  Swedenborg,  ''a 
perpetual  battle  and  collision  between  the  three  spheres  of  the 
body,  namely,  between  the  blood  and  the  spirits,  and  between 
the  spirits  and  the  soul.'' 

The  last  subject  on  which  it  will  be  necessary  to  say  a  few 
words  in  this  department  of  our  remarks,  is  the  distinction  be- 
tween the  life  before  birth,  and  the  life  after  birth.  In  the 
foetus,  nature,  that  is  to  say,  the  soul,  as  an  end  and  formative 
power,  alone  rules,  and  idl  things  proceed  in  natural  order, 
firom  the  highest  or  innermost  sphere  to  the  lowest  or  outer- 
most, by  the  synthetic  way,  or  a  priori  ad  posteriora.  But  after 
birth,  the  will  rules  over  nature,  and  drives  her  from  her  throne, 
and  all  operations  proceed  in  inverse  order,  by  -the  analytic 
way,  or  a  posteriori  ad  priora.  These  opposite  states  require  a 
medium  to  reconcile  between  them,  which  medium  is  supplied 
by  the  opening  of  the  limgs ;  the  animations  of  the  brains  being 
synchronous  with  the  respirations  after  birth,  but  with  the 
pulsations  of  the  heart  during  uterine  life.  In  the  foetus,  the 
higher  spheres  act,  and  the  lower  react;  whereas  after  birth 
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the  lower  act,  and  the  higher  only  react.  In  the  former  case 
all  operations  are  universal  and  most  individual,  conspiring  by 
intrinsic  harmony,  and  in  perfect  freedom,  and  proceed  outwards 
from  the  brains ;  in  the  latter  they  are  in  the  first  place  general, 
and  proceed  inwards  to  the  sphere  of  particulars  through  the 
coverings,  membranes,  or  bonds,  of  the  body  and  its  oi^ans. 
But  the  reader  will  not  acquire  a  satisfactory  understanding  of 
this  wonderful  doctrine  by  anything  short  of  an  attentive  study 
of  Swedenborg  himself. 

There  are  certain  organs  in  the  body  which  have  always 
been  looked  upon  as  the  opprobria  of  physiologists,  who  indeed 
appear  to  fail  wherever  nature  does  not  speak  by  an  ultimate 
fact ;  that  is  to  say,  wherever  there  is  a  clear  field  for  the  im- 
derstanding  as  apart  from  and  above  the  senses.  The  absence 
of  an  excretory  duct  is  sufficient  to  consign  an  organ  in  perpe- 
tuity to  the  limbo  of  doubt.  Surmise  indeed  respecting  its 
functions  is  still  allowed,  but  proof  is  considered  impossible. 
We  might  as  well  pretend  to  know  the  nature  of  the  world  of 
spirits  as  to  know  the  function  of  the  spleen.  We  should  be  as 
rank  visionaries  in  the  one  case  as  in  the  other,  since  we  should 
be  placing  an  imphcit  dependence  upon  reason,  in  a  matter 
where  the  bodily  senses  give  no  direct  information.  Sweden- 
borg did  pretend  to  know  both,  and  ill  he  fared  in  consequence 
with  the  scientific  world,  and  with  the  first  reviewer  of  his 
"  Animal  Kingdom^'  in  the  ''  Acta  Eruditorum  Lipsiensia.^^  They 
said  he  was  "  a  happy  fellow,"  and  laughed  outright.  Without 
stopping  to  do  more  than  direct  the  reader's  particular  attention 
to  his  doctrine  of  the  spleen,  the  suprarenal  capsules,  and  the 
thymus  gland,  as  being  satisfactory  and  irrefragable,  it  may  be 
wondered  why  the  physiologists  should  single  out  those  organs 
as  especial  subjects  whereon  to  make  confession  of  ignorance. 
There  is  modesty  in  their  confession,  but  it  ought  in  justice  to 
have  embraced  more.  These  organs  are  closely  connected  to 
others,  and  ignorance  respecting  them  involves  ignorance  re- 
specting the  others  also.  Connexion  of  structures  in  the  body 
is  also  connexion  of  functions,  forces,  modes,  and  accidents. 
If  the  function  of  the  spleen  be  unknown,  so  precisely  to  the 
same  extent  are  the  functions  of  the  pancreas,  the  stomach,  the 
omentum,  and  the  liver;  if  the  functions  of  the  succenturiate 
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kidneys  be  unknown^  so  are  the  functions  of  the  diaphragm^ 
the  kidneys,  the  peritonaeum,  and  indeed  of  the  whole  body  ; 
for  the  body  is  a  continuous  tissue,  woven  without  a  break  in 
nature^s  loom.  To  be  ignorant  of  a  part,  is  to  be  ignorant  of 
something  that  pervades  the  whole.  The  disease  that  affects 
the  spleen,  affects  the  whole,  for  the  spleen  is  in  all  things^ 
and  all  things  are  in  the  spleen.  To  recur  to  the  liver :  what 
is  the  amount  of  knowledge  respecting  its  functions  ?  Precisely 
this,  that  the  hepatic  duct  proceeds  from  it,  and  carries  bile  into 
the  duodenum.  The  bile  and  the  duct  are  the  sum  and  sub- 
stance of  the  modern  physiology  of  the  liver;  it  is  prorstu  in 
occulto  why  either  bile  or  duct  should  exist.  The  truth  then  is, 
that  there  is  as  much  known  about  the  liver  as  about  the  spleen^ 
and  no  more ;  in  the  one  case  it  is  known  that  there  is  an  excre- 
tory duct,  in  the  other  that  there  is  none.  Alas !  the  scien- 
tific mind  is  steeped  in  the  senses,  and  is  the  drudge  of  their 
limited  sphere. 

Swedenborg's  analysis  is  professedly  supported  upon  the 
foundation  of  the  old  anatomists,  who  flourished  in  the  Au- 
gustan age  of  the  science.  At  his  time  nearly  all  the  great  and 
certain  facts  of  anatomy  were  already  known ;  such  for  example 
as  the  circulation  of  the  blood,  and  the  existence  of  the  lympha- 
tics and  the  lacteals.  Anatomy,  too,  had  long  been  cultivated 
distinctly  in  the  human  subject,  and  was  to  a  great  extent  puri- 
fied of  the  errors  that  crept  into  it  at  first  from  the  habit  of 
dissecting  the  lower  animals.  Many  of  the  old  anatomists  were 
men  of  a  philosophic  spirit,  who  proposed  to  themselves  the 
problem  of  the  universe,  and  solved  it  in  their  own  way,  or 
tried  to  solve  it.  They  were  the  first  observers  of  nature's 
speaking  marvels  in  the  organic  sphere,  and  described  them  with 
feelings  of  delight,  which  shewed  that  they  were  receptive  of 
instruction  from  the  great  fountain  of  truth.  They  worked  at 
once  with  the  mind  and  the  senses  in  the  field  of  observation. 
There  was  a  certain  superior  manner  and  artistic  form  in  their 
treatises.  They  believed  instinctively  in  the  doctrine  of  use. 
They  expected  nature  to  be  wonderful,  and  supposed  therefore 
that  the  human  body  involved  much  which  it  required  the  dis- 
tinct exercise  of  the  mind  to  discover.  Hence  their  belief  in 
the  existence  of  the  animal  spirits ;  a  belief  which  they  based 
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upon  common  sense^  or  what  amounts  to  the  same  thing,  upon 
the  general  experience  of  effects ;  at  the  same  time  that  they 
recognized  its  object  as  beyond  sensual  experience,  and  not  to 
be  confirmed  directly  by  sight.'*'  They  used  the  microscope  to 
assist  and  fortify  the  eye,  and  not  to  substitute  it,  or  dissipate 
its  objective  sphere.  Even  the  greatest  among  them,  who  ad- 
dicted himself  to  the  bare  study  of  structure  and  the  making  of 
illustrative  preparations,  expressed  a  noble  hope  that  others 
would  complete  his  lalxnrs,  by  mating  as  distinct  a  study  oi 
use8.t 

But  the  picture  is  not  without  its  darker  side.  Although 
they  had  strong  instincts  and  vivid  glimpses  of  truth,  yet  when 
they  attempted  to  carry  their  perceptions  out,  they  degenerated 
into  mere  hypotheses,  and  systems  of  hypotheses.  They  did 
not  ascend  high  enough  before  they  again  descended,  nor  did 
they  explore  nature  by  an  integral  method ;  and  hence  they  had 
no  means  of  pursuing  analc^es  without  destroying  the  everlast- 
ing distinctions  of  things.  They  stopped  in  that  midway  where 
scepticism  easily  overtook  them,  and  where,  when  that  enemy 
of  the  human  intellect  had  once  penetrated,  there  was  no  pos- 
sibility of  maintaining  themselves,  but  the  fall  to  the  sensual 
sphere  was  inevitable.  The  reason  of  this  was,  that  they  had 
not  conceived  the  laws  of  order,  and  therefore  could  not  claim 
the  support  which  nature  gives  to  all  her  truths.  Nay,  it  was 
so  impossible  that  they  should  proceed  further  without  the  tinc- 
ture of  a  universal  method,  that  their  minds  came  to  a  stand- 
still ;  the  truths  already  elicited  were  rendered  unsatisfactory, 
and  mere  progress  demanded  their  fall.  They  fell  therefore, 
and  a  race  which  knows  them  not  is  dwelling  now  in  tent  and 
hut  among  their  mighty  ruins. 

At  the  very  crisis  of  their  fate,  Swedenborg  took  the  field 
for  the  end  that  has  been  abready  mentioned,  and  at  onoe 
declared,  that  unless  matters  were  carried  higher,  experimental 
knowledge  itself  would  perish,  and  the  arts  and  sciences  be 
carried  to  the  tomb,  adding  that  he  was  much  mistaken  if 
the  world^s  destinies  were  not  tending  thitherwards.  The  task 
that  he  undertook  was,  to  build  the  heaps  of  experience  into 

*  See  Heister.  f  Raysch. 
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a  palace  in  which  the  hiunan  mind  might  dwell,  and  enjoy 
security  from  without,  and  spiritual  prosperity  from  within. 
He  brought  to  that  task  requisites,  both  external  and  internal^ 
of  an  extraordinary  kind.  He  was  a  naturalized  subject  in  all 
the  kingdoms  of  human  thought,  and  yet  was  bom  at  the  same 
time  to  another  order  and  a  better  country.  To  the  various 
classes  of  schoolmen  he  appears  never  to  have  attached  himself^ 
excepting  for  different  purposes  frt>m  theirs.  He  pursued  ma- 
thematics for  a  distinctly  extraneous  end.  As  a  student  ci 
physiology  he  belonged  to  no  clique  or  school,  and  had  no 
class-prejudices  to  encounter.  In  theology  he  was  almost  as 
free  mentally,  as  though  not  a  single  commentator  had  written^ 
or  system  been  formed,  but  as  though  his  hands  were  the  first 
in  which  the  Word  of  God  was  placed  in  its  vii^in  purity.  Add 
to  this  that  he  by  no  means  disregarded  the  works  of  others^ 
but  was  learned  in  all  useful  learning.  He  had  a  sound  prac- 
tical education,  and  was  employed  daily  in  the  actual  business 
of  life  for  a  series  of  years.  He  was  thoroughly  acquainted 
with  mechanics,  chemistry,  mathematics,  astronomy,  and  the 
other  sciences  as  known  in  his  time,  and  had  elicited  imiversal 
truths  in  the  sphere  of  each.  From  the  beginning  he  perceived 
that  there  was  an  order  in  nature.  This  enabled  him  to  pursue 
his  own  studies  with  a  view  to  order.  He  ascended  from  the 
theory  of  earthy  substances  to  the  theory  of  the  atmospheres, 
and  from  both  to  the  theory  of  cosmogony,  and  came  gradually 
to  man  as  the  crowning  object  of  nature.  He  brought  the  order 
of  the  macrocosm  to  illustrate  the  order  of  the  microcosm. 
His  dominant  end,  which  he  never  lost  sight  of  for  a  moment, 
was  spiritual  and  moral,  which  preserved  his  mind  alive  in  a 
long  course  of  physical  studies,  and  empowered  him  to  see  life 
and  substance  in  the  otherwise  dead  machinery  of  the  creation. 
He  was  a  man  of  uncommon  humbleness,  and  never  once  looked 
back,  to  gratify  self-complacency,  upon  past  achievements,  but 
travelled  onwards  and  still  onwards,  ^'  without  fatigue  and  with- 
out repose/'  to  a  home  in  the  fruition  of  the  infinite  and  eternal. 
Such  was  the  competitor  who  now  entered  the  arena  of  what 
had,  until  this  time,  been  exclusively  medical  science ;  truly  a 
man  of  whom  it  is  not  too  much  to  say,  that  he  possessed  the 
kindliest,  broadest,  highest,   most  theoretical  and  most  prac- 
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tical  genius  that  it  has  yet  pleased  God  to  bestow  on  the  weary 
ages  of  civilization. 

Swedenborg  perceived  that  the  permanence  of  nature  de- 
pends upon  the  excellence  of  its  order ;  that  all  creation  exists 
and  subsists  as  one  thing  from  Ood ;  that  divine  love  is  its  end ; 
divine  wisdom^  its  cause ;  and  divine  order^  in  the  theatre  of 
use^  the  simultaneous  or  ultimate  form  of  that  wisdom  and 
love.  He  also  perceived,  that  the  permanence  of  any  human 
system,  whether  a  philosophy  or  a  society,  depends  upon  the 
coincidence  between  its  order  and  the  order  of  creation;  and 
that  when  this  coincidence  exists,  the  perceptions  of  reason  have 
a  fixed  place  and  habitation  on  the  earth,  from  which  it  will  be 
impossible  to  dislodge  them  by  anything  short  of  a  crumbling 
down  of  all  the  faculties,  both  rational  and  sensual;  a  result 
which,  if  the  human  heart  be  improving,  the  belief  in  a  Qod 
forbids  us  to  anticipate.  But  Swedenborg  did  not  rest,  as  the 
philosophers  do,  in  a  mere  algebraical  perception  of  the  truth, 
or  in  recognizing  a  want  without  supplying  it ;  but  like  a  good 
and  faithftil  servant  he  actually  expounded  a  system  of  princi- 
ples at  one  with  nature  herself,  and  which  will  attest  their  order 
and  their  real  Author  by  standing  for  ages  of  ages. 

But  his  still  small  voice  commanded  no  attention,  and  what 
he  predicted  took  place :  the  sciences  were  carried  to  the  tomb, 
where  they  are  now  buried,  with  the  mind  their  subject,  in  the 
small  dust  of  modem  experience.  This  brings  us  to  say  a  few 
words  of  the  physiology  of  the  day. 

Facts  are  the  grand  quest  of  the  present  time,  and  these, 
particular  facts :  general  facts  are  less  recognized  now  than  they 
were  at  the  beginning  of  the  last  century ;  for  short-sightedness 
has  so  increased  upon  us,  that  we  must  look  close  in  order  to 
see  distinctly,  and  hence  extended  surfaces  do  not  fall  under 
our  vision.  The  physiologist  defers  reasoning  until  the  accu- 
mulation of  facts  is  sufficiently  great,  to  suggest  reasons  out  of 
its  own  bosom.  This  is  a  step  beyond  ordinary  materialism. 
The  individual  materialist  considers  that  matter  must  be  or- 
ganized into  the  form  of  a  brain  before  it  can  think  and  will; 
but  that  compound  materialist,  the  scientific  world,  expects 
dead  matter  to  open  its  mouth  and  utter  wisdom,  without  any 
such  previous  process.     It  thinks  that  at  present  there  is  not 
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matter  enough^  or  tliis  result  would  ensue ;  little  dreaming  that 
there  is  a  fault  in  itself^  and  that  the  larger  the  stores  it  pos- 
sesses^ the  more  impossible  it  will  be  to  evolve  their  principles^ 
or  to  marshal  them  under  a  theory.  The  common  facts  of  the 
body  having  been  pretty  well  explored,  the  physiologists  go  in- 
wards, and  gather  further  facts.  Without  waiting  to  ascertain 
the  import  of  these,  they  submit  them  to  the  microscope,  and 
again  decompose  them;  and  so  on,  to  the  Hmits  prescribed  by 
nature  to  the  optician,  and  by  the  optician  to  the  scientific  en- 
quirer. But  is  the  field  of  leasts  more  easy  to  discern  than  that 
of  compoimds ;  or  if  we  cannot  read  nature's  secret  in  her  coun- 
tenance, can  we  expect  to  divine  it  from  her  very  brains  ?  The 
truth  is,  that  the  modem  state  of  physiology  is  a  universal  dis- 
persion of  even  sensual  knowledge:  its  pretended  respect  for 
facts  is  not  real ;  otherwise  it  would  enquire  into  their  general 
significance  before  resolving  them  into  further  elements.  It 
perpetually  illustrates  the  principle  that  facts  cannot  be  duly  re- 
spected unless  they  are  seen  as  agents  of  uses,  and  results  of 
ends  and  causes ;  and  that  if  they  are  not  so  regarded,  they  be- 
come mere  playthings,  to  which  novelty  itself  can  lend  scarcely 
a  momentary  charm. 

But  as  every  end  progresses  through  more  means  than  one,  so 
science  is  undergoing  dispersion  in  another  direction  also.  Not 
only  are  the  generals  of  anatomy  forgotten  for  its  particulars,  but 
the  human  frame  itself  is  in  a  great  measure  deserted  for  compa- 
rative anatomy.  The  so-called  human  physiologist  pursues  his 
diffuse  circle  from  animal  to  animal,  from  insect  to  insect,  and 
from  plant  to  plant.  Man  is  confounded  with  the  lower  and  low- 
est things,  as  if  all  the  spheres  of  creation  were  in  one  plane  of 
order.  The  consimimation  of  this  tendency  is  already  more  than 
indicated  above  the  horizon,  when  the  lowest  range  of  existence 
wiU  be  the  standard  of  all,  and  then  the  chaos  of  organic  nature 
will  become  the  legitimate  property  of  the  chemists,  to  be  by 
them  resolved  into  gases  and  the  dead  materials  of  the  earth. 

Another  characteristic  of  the  times  is  the  almost  total  breach 
of  continuity  between  the  present  and  the  past.  The  termino- 
logy of  science  is  so  much  altered  that  it  is  impossible  to  read 
the  older  works  with  benefit,  unless  after  a  course  of  study 
something  like  that  requisite  for  learning  a  dead  language.      In 

d 


Digitized  by  VjOOQ IC 


Xlviii  INTRODUCTORY   REMARKS 

consequence^  the  mere  anatomical  valae  of  the  fathers  of  ana- 
tomy is  not  at  all  understood ;  their  rich  mines  of  observation 
are  no  longer  worked,  and  their  foi^otten  discoTcries  are  now 
and  then  again  discovered,  with  all  the  pains  of  a  first  attempt^ 
by  their  ill-informed  successors.  Can  anything  be  less  human 
than  tins, — ^that  the  parents  should  transmit  so  little  to  the 
children,  or  rather  that  the  children  should  be  willing  to  re- 
ceive so  little  firom  the  parents  ?  It  exchanges  the  high  destiny 
of  man  for  the  fate  that  attends  the  races  of  animals,  in  which 
each  generation  lives  for  itself  alone,  and  again  and  again  re- 
peats the  same  limited  series,  without  improvement  or  the  pos- 
sibility of  evolution. 

In  the  midst  of  this  humiliating  condition,  what  loud  sounds 
do  we  not  hear  of  "  march  of  intellect''  and  "  progress  of  the 
species,'' — so  many  discharges  firom  the  impotent  artillery  of 
self-conceit.  Tins  indeed  is  the  last  and  worst  sign  of  a  deca- 
dent science.  The  poor  sick  sufferer  is  delirious,  and  possesses 
for  a  moment  superhuman  strength  in  his  own  exhaustion. 

The  present  cultivators  of  science  boast  themselves  followers 
of  Bacon  in  the  inductive  method,  apparently  grounding  their 
claim  on  the  fact,  that  they  dwell  in  effects  or  in  proximate 
causes  to  the  exclusion  of  final  causes.  It  is  a  remarkable  cir- 
cumstance, that  each  age  since  Bacon's  time  has  considered  it- 
self especially  as  his  follower,  and  that  the  present  age,  besides 
laying  this  unction  to  its  soul,  denies  the  genuineness  of  the 
Baconianism  of  all  preceding  ages.  Meanwhile  there  can  be  no 
doubt,  that  if  Bacon  himself  were  to  publish  his  works  now 
for  the  first  time,  he  would  be  ranked  among  the  mesmerists, 
the  phrenologists,  and  the  other  poor  gentiles,  who  are  banished 
by  common  consent  to  the  far  islands  of  the  scientific  world, 
and  would  be  exterminated  from  it  altogether  if  they  were  not 
preserved  in  some  mysterious  way, — ^perhaps  by  having  the 
truth  on  their  side.  Bacon  himself  would  belong  to  these  gen- 
tiles ;  but  would  their  antagonists  tfien  lay  an  exclusive  claim  to 
his  philosophy  ?  We  apprehend  not.  The  inductive  method 
would  be  far  firom  fashionable  if  its  larger  tendencies  were  seen, 
or  if  the  scientific  beUefs  to  which  Bacon  himself  was  led  by  it, 
could  be  currently  reported.  Would  it  not  fireeze  a  Royal 
Society  to  the  very  marrow,  to  be  identified  in  any  way  with  a 
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man  who  believed,  as  the  great  Lord  Bacon  did,  in  witchcraft, 
and  the  medicinal  virtues  of  precious  stones  ? 

Notwithstanding  the  unpromising  state  of  things  in  science, 
the  natural  theologians  have  adventured  to  deduce  firom  it  '^the 
power,  wisdom,  and  goodness  of  Gt)d  as  manifested  in  the  crea- 
tion/' Truly  the  creation  is  an  effluence  and  argument  of  divine 
wisdom.  But  in  the  present  range  of  scientific  insight,  it  is 
not  seen  to  do  more  than  approximate  to  the  works  of  human 
skill.  The  mechanics  of  the  watch  are  more  wonderful  to  man 
than  the  mechanics  of  the  ear  or  eye ;  the  arch  is  the  antetype 
of  which  the  convex  skull  is  but  the  type.  Natural  theology 
based  on  such  science,  can  attribute  nothing  to  Gt>d  which  does 
not  belong  in  a  superior  degree  to  man.  Its  discoveries  are  not 
worth  making,  because  they  are  so  infinitely  transcended  by  the 
perceptions  of  common  sense  in  all  nations  and  ages.  Now  Swe- 
denborg,  in  his  scientific  works,  was  a  natural  theologian,  but  he 
began  where  human  skill  terminates,  and  by  the  application  of 
guiding  doctrines,  followed  the  ever-expanding  order  of  cre- 
ation inwards  to  the  point  where  mechanics  and  geometry  are 
realized  in  more  universal  laws  of  wisdom  and  providence ;  and 
where  at  last  the  human  mind  itself  recognizes  the  very  source 
of  life  in  its  humiliation  before  the  throne  of  Grod. 

But  it  would  be  far  from  the  present  line  of  argument,  to 
maintain  that  the  modems  are  performing  no  useful  function  in 
the  "  progress  of  the  species.^'  Such  a  proposition  would  be  in- 
compatible with  what  we  know  of  the  divine  economy,  in  which 
humaii  degeneracy  itself  is  converted  into  a  new  point  in  the 
circle  of  uses.  Nay,  the  modems  have  their  direct  value ;  in 
the  first  place,  they  have  enlarged  the  catena  of  observation  in 
many  departments.  In  the  second,  they  have  corrected  innu- 
merable minute  errors  in  their  predecessors,  who  were  more 
intent  upon  general  than  particular  accuracy.  And  thirdly  and 
chiefly,  although  in  this  respect  no  credit  attaches  to  them, 
they  have  gone  so  low  in  their  enquiries,  that  as  it  is  even  phy- 
sically  impossible  to  go  lower,  so  by  the  law  of  the  contact  of 
extremes  a  revolution  may  now  take  place,  and  the  ascending 
passage  be  commenced,  as  it  were  from  the  skin  to  the  brain, 
or  from  the  lowest  sphere  to  the  highest. 

It  would  be  interesting  to  trace  the  successive  stages  by 
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which  the  physiology  of  the  ancients  declined  into  that  of  the 
modems,  to  review  the  grounds  on  which  great  doctrines  were 
given  np,  and  to  test  the  sufficiency  of  the  reasons  which  were 
adduced  for  the  change.  The  state  delineated  in  the  well-known 
lines — 

"  I  do  not  like  thee,  Doctor  Fell, 
The  reason  why,  I  cannot  tell ; 
But  this  alone  I  know  full  well, 
I  do  not  like  thee,  Doctor  Fell," 

— ^this  state  was  the  moving  cause  of  it.  In  short,  it  was  a 
change  in  the  human  will,  and  not  primarily  in  the  understand- 
ing, which  faculty  appears  to  have  been  called  upon  subse- 
quently, to  confirm  the  new  turn  of  the  inclinations.  Such  at 
any  rate  we  know  to  be  the  case  with  the  doctrine  of  the  animal 
spirits,  which,  as  Glisson  said,  was  in  his  time  believed  in  '^  by 
nearly  all  physicians,  and  by  all  philosophers.^^  It  might  have 
been  supposed  that  the  animal  spirits  were  demonstrated  out  of 
existence  by  some  beneficent  genius  who  substituted  something 
better  in  their  place ;  at  least  that  they  fell  honorably  in  a  well- 
fought  field  of  argument.  No  such  thing;  they  fell  by  the 
treachery  of  the  human  heart  loving  the  sensual  sphere  more 
than  the  intellectual.  Is  such  mere  waywardness  as  this  a  part 
of  the  "  progress  of  the  species  ?"  The  ancients  believed  in  the 
existence  of  the  animal  spirits  without  pretending  that  they 
could  become  objects  of  sight.  '^  Tarn  subtile  sit  concipiendum 
[fluidum  hoc  subtilissimimi],^'  says  Heister,  " .  .  .  ut  instar 
lucis  velodssime  se  diffundat ;  quod  profecto  non  oculis,  sed  ex 
e£fectibus  et  phsenomenis,  .  .  .  ope  judicii  sive  mentis  oculis  cog- 
noscendum.  .  .  .  Ita  aerem,  animam,  et  multa  non  videmus,  quae 
tamen  ex  effectibus,  quemadmodum  spiritus  animates,  esse  et 
existere  inielliffimus/'*  But  the  modems  reject  whatever  they 
do  not  see,  and  will  credit  the  existence  of  nothing  that  abso- 
lutely outlies,  and  must  in  its  conditions  for  ever  outlie,  the 
senses.  It  is  needless  to  say  that  a  state  like  this  is  based  upon 
neither  reasons  nor  sensations,  but  is  purely  negative  or  scep- 
tical, and  must  be  referred  to  sheer  will  without  any  admixture 
of  wisdom. 

We  promised  at  the  outset  to  speak  of  the  relation  in  which 

*  Comp.  Anat.,  n.  301,  not.  a. 
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Swedenborg'a  philosophy  stands  to  the  science  of  the  day,  but 
it  will  now  be  seen  that  there  is  no  direct  relation  between  the 
two,  but  a  plenary  repugnancy.  For  the  one  is  order,  the  other 
is  chaos  :  the  one  is  concentration,  the  other  is  infinite  division : 
the  one  enlarges  its  limits  in  that  interior  world  where  creation 
exists  in  all  its  spiritual  amplitude,  the  other  loses  its  limits,  and 
its  distinct  life  along  with  them,  in  the  great  vacuities  of  space 
and  time :  the  one  is  a  rod  and  staff  giving  the  mind  a  prac- 
tical support  in  the  exploration  of  nature's  fields,  the  other  is  a 
mist  of  hypotheses  crawling  along  the  ground,  and  making 
every  step  uncertain  and  perilous. 

The  science  of  the  modems  tends  to  bury  physiology  more 
and  more  within  the  schools;  that  of  Swedenborg  will  ulti- 
mately shed  it  abroad  as  a  universal  light  which  like  that  of  the 
sun  belongs  in  justness  to  all  mankind.  In  this  respect  science 
is  situated  precisely  as  theology.  There  is  no  diflSculty  in 
either  but  what  man  himself  induces.  The  whole  scheme  of 
true  theology  is  so  simple  that  the  humblest  capacity  may  un- 
derstand it,  and  so  coherent,  that  the  memory  may  retain  even 
its  details  without  the  slightest  difficulty.  So  in  a  measure  will 
it  be  with  a  true  science.  The  appointed  professors  of  the  true 
theology  must  be  amenable  to  a  common  knowledge  thereof 
existing  in  the  understandings  of  their  flocks  and  congregations. 
So  must  it  be  at  last  with  the  professional  bodies  appointed  to 
preside  over  a  true  science.  In  a  word,  imder  the  influence  of 
the  New  Church,  a  protestant  state  must  come  over  science 
itself;  the  bible  of  nature  must  be  opened  to  the  public  as  well 
as  to  the  professions ;  and  the  professions  themselves  must  be 
content  to  accept  their  position,  firom  standing  in  a  clear  and 
recognized  connexion  with  the  common  sense  of  mankind,  as 
brought  into  play  upon  their  own  subjects. 

The  relation  in  which  Swedenborg  stands  to  the  philosophers 
may  be  briefly  characterized.  The  analysis  and  classification  of 
the  conditions  and  states  of  the  mind  is  a  subject  which  he  has 
only  touched  on  incidentally  in  the  "  Animal  Kingdom.'^  He 
maintains  that  the  influx  of  the  soul  into  the  body  is  truly 
Bynthetic,  or  a  priori  ad  posteriora,  but  that  the  instruction 
and  information  of  the  rational  mind  is  necessarily  analytic,  or 
a  posteriori  ad  priora;  not  that  the  senses  generate  the  mind. 
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but  that  they  supply  it  with  materials^  and  externally  excite  it 
to  activity;  the  soul  similarly  exciting  it  internally.  With 
respect  to  that  mentalism  which  has  been  introduced  since 
Swedenboi^s  time  by  Kant  and  his  followers^  the  writings  of 
Swedenborg  distinctly  involve  it^  but  then  our  author  adds  to  its 
forms  life  and  substance,  and  displays  a  world  coordinate  with 
each  plane  of  the  human  fiEU^ulties,  without  which  man  would 
not  exist  in  nature.  By  virtue  of  this,  what  are  mere  abstract 
categories  and  ideas  in  the  one,  are  oi^anic  causes  in  the  other, 
(Swedenborg  says,  "  all  causes  must  be  formed  organically,^^) 
and  the  mind  is  allied  to  the  body  through  the  whole  scale  of 
its  ascent.  But  there  is  one  department  of  metaphysics  or 
ontology  which  finds  no  countenance  in  Swedenborg ;  viz.,  the 
two  schemes  of  materiahsm,  and  immaterialism,  or  as  it  is 
fabely  called,  spiritualism,  as  opposed  to,  and  opposing,  each 
other.  The  controversy  between  these  two  he  declares  to  be 
*'  a  battie  of  words,''  a  play  of  *'  shadowy  sophisms,''  a  *'  game 
at  chess  in  the  high  city  of  literature ;"  and  he  refers  the  whole 
misunderstanding  to  ignorance  of  the  doctrines  of  forms  and 
degrees.*  For  this  war  respecting  the  substance  of  which  things 
are  made,  tends  to  divert  the  mind  from  the  successive  order  of 
nature,  and  to  plunge  it  at  one  leap  in  the  occult ;  consequently 
to  induce  it  to  omit  all  the  series  of  forms  that  intermediate 
between  the  body  and  the  soul.  The  words  mind  and  matter  in 
this  case  stand  for  two  substances  under  one  form,  and  it  is  not 
eajsy  to  see  how  the  one  can  be  preferable  to  the  other,  or  how 
thought  can  be  influenced  by  either  of  them.  As  systems  of 
causation  therefore,  the  rule  of  use  protests  against  them  both. 
The  main  argument  of  Bishop  Berkeley,  that  his  hypothesis 
causes  no  difference  to  our  sensations,  must  be  admitted,  and 
it  is  conclusive  against  immaterialism.  Why  introduce  an  ele- 
ment that  confessedly  plays  no  part  in  our  affairs  ?t    Both  these 

*  See  the  "  Economy  of  the  Animal  Kingdom/'  tr.  ii.,  n.  311 ;  and  the 
"Worship  and  Love  of  God,"  n.  53,  note  (p), 

t  If  it  be  alleged  tbat  immaterialiam  produoea  philoaophical  resnlta,  and  ia 
capable  of  bemg  expanded  into  a  system,  we  reply  to  this,  that  whererer  soch  reaolta 
i^pear  to  follow  it,  they  arise  In  reality  from  the  tacit  intermingling  of  some  ofganic 
element  of  thought  in  the  premises,  the  preeenoe  of  which  element  is  not  perceiTcd. 
It  would  be  easy  to  illastrate  this  by  a  criticism  of  any  of  the  philosophical  and 
religions  consequences  which  are  supposed  to  flow  from  immaterialiam,  and  to  prove 
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schemes  are  essentially  eontioyersial  or  negatiye^  and  if  either 
of  them  could  be  substracted^  the  other  would  no  longer  be  ca- 
pable of  an  expression.  Both  of  them  tacitly  deny  the  order  of 
nature,  and  therefore  they  can  never  minister  at  the  altar  of  true 
science.  Matter  and  substance  may  be  opposites,  but  this  has 
nothing  to  do  with  the  question  of  the  existence  of  matter.  The 
mind  is  a  substance,  but  this  likewise  in  no  way  touches  the 
existence  of  matter.  The  question  of  the  existence  of  matt^ 
is  perfectly  distinct  firom  the  question  of  its  substance.  What 
then  is  the  definition  of  a  substance?  It  is  evident  that  a  sub- 
stance is  the  ground  of  a  particular  existence ;  and  equally  so^ 
that  the  only  ground  for  which  anything  exists  is  the  end  or  use 
that  it  will  subserve  in  the  creation.  The  particular  end  or  use^ 
then,  of  each  thing  is  its  substance.  But  ends  and  uses  in 
themselves  are  spiritual.  In  order,  therefore,  that  this  end  or 
use  may  institute  a  series  in  nature,  it  must  put  on  a  natural 
form ;  and  the  first  form  that  it  so  assumes,  the  form  of  the 
first  degree,  is  the  substance  or  unit  of  the  whole  series,  as 

that  thoM  oonaeqiienoes  are  not  the  firoiti  of  the  immaterialiim,  but  of  other  gronnda 
coexinting  with  it  in  the  mind.  But  the  demonstration  would  carry  us  beyond  the 
design  of  the  present  remarks.  With  respect  to  substanocy  it  may  be  expedient  to 
obsenre,  that  the  word  is  commonly  used  in  two  meanings,  botli  of  which  are  tme, 
and  must  concur  to  a  complete  idea  of  the  thing.  Firstly,  it  is  used  in  a  uniTersal, 
generative  and  actiye  sense,  as  the  elemental  ground  of  matter,  and  as  the  spiritual 
ground  of  the  natural  world,  in  which  partial  sense,  substance  is  spiritual,  and  its 
operation  purely  synthetic.  Secondly,  it  is  used  in  a  general,  fbrmatiTe,  and  paauve 
sense,  as  the  complex,  continent,  and  basis  of  interiors  and  universals,  in  which 
partial  sense,  substance  is  material,  and  its  operation  purely  separatiTe  or  analytic. 
But  the  complete  idea  of  substance  is  the  result  of  the  union  of  these  two  senses ; 
in  other  words,  of  the  ordinary  notions  of  both  substance  and  form ;  which  although 
two  elements  in  thought,  are  not  two  in  reality,  but  **  distinctly  one.''  Swedenboig 
clearly  shows  both  in  his  philosophical  and  religions  works,  (which  indeed  are  per- 
fectly at  one  on  this  sul^ect,)  that  we  must  take  a  bodily  as  well  as  a  mental  view 
of  substance.  It  may  be  sufficient  to  cite  the  following  passage  from  his  work  on 
**  HesTen  and  Hell."  <'  Man,''  says  he,  **  cannot  exercise  thought  and  wiU  at  all, 
unless  there  be  a  subject,  which  is  a  substance,  from  and  in  which  he  exerts  those 
faculties.  Whatever  is  imagined  to  exist,  and  yet  to  be  destitute  of  a  substantial 
subject,  is  notiiing  at  aU.  This  may  be  known  from  tike  feet,  that  man  cannot  see 
witiumt  an  organ  as  the  subject  of  sight,  nor  hear  without  an  organ  as  the  suliject  of 
hearing.  Without  such  organs,  sight  and  hearing  are  nothing,  and  have  no  exist- 
ence. It  is  the  same  with  tliought,  which  is  internal  sight,  and  with  apprehension, 
whidi  is  internal  hearing :  unless  these  existed  in,  and  from,  iubitaneetf  which  are 
OTffmic  firms, .  • .  they  could  not  exist  at  all,"  &c  (n.  434.) 
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being  all  in  all  tbrongbioat  the  subsequent  degrees :  it  is  the 
universal  of  the  series,  as  being,  by  virtue  of  the  properties  of 
its  form,  universally  present,  potent,  active,  &c.,  in  the  entire 
progression  of  the  thing  that  it  constitutes.  It  is  the  relation 
that  this  unit  bears  to  order,  degrees,  and  series,  that  makes  it 
into  a  substance  and  not  into  an  accident.  Hence  it  is  order 
that  determines  substance,  and  hence  too  every  substance  is  an 
organic  form,  as  being  the  initiament  of  all  the  forms  of  its 
series.  Mental  admissions  of  substance  which  do  not  involve 
forms  analogous  to  those  of  the  natural  creation,  are  mere  terms 
without  ideas :  views  of  mind,  thought  or  aflfection,  which  con- 
template these  subjects  otherwise  than  as  prototypes  of  the 
human  body,  are  vacant  of  meaning :  metaphysics  without  they 
rest  upon  the  order  of  physics,  are  a  soul  without  a  body,  and 
belong  neither  to  this  world  nor  to  the  next.  Whatever  deflects 
the  understanding  from  order,  as  the  question  of  questions, 
deflects  it  equally  from  both  mind  and  matter,  and  consigns  it 
proportionably  to  the  "shadowy  sophisms"  of  materiaUsm  or 
immaterialism.  In  the  highest  sense  God  is  the  only  substance, 
and  yet  in  a  true  sense,  each  degree  is  a  substance  to  that 
proximately  below  it.  All  finite  differences  are  in  reality  varia- 
tions of  form  determined  by  uses  in  their  order.  Each  degree 
involves  the  repetition  in  itself  of  all  the  three  degrees,  of  end, 
cause,  and  effect ;  and  hence  nature  itself  is  frill  of  substances, 
—of  bodies  possessing  real  trine  dimension, — and  matter  also 
involves  as  many  substances  as  it  has  distinct  forms.  If  we 
suppose  that  nature  is  a  mere  surface,  we  manifestly  indis- 
pose the  mind  for  admitting  a  doctrine  of  forms,  consequently 
we  detain  it  in  the  last  degree,  and  in  the  lowest  plane  of 
imagery,  and  when  this  is  the  case  we  must  look  upon  science 
as  something  which  exists  by  courtesy,  a  record  of  appearances 
and  superficialities  which  are  only  presented  to  us  to  be  negated. 
Thus  the  spiritual  violates  the  natural,  instead  of  leaning  upon 
it,  as  a  house  upon  its  foundation.  But  let  no  logic  disturb  our 
foundations  thus :  the  principle  of  use,  and  the  test  of  results, 
furnish  a  more  conclusive  experiment  of  ideas  than  any  syllo- 
gistic process ;  for  they  scrutinize  the  end,  and  not  only  the 
means.  This  principle  and  test  declare  to  us,  that  in  the  inves- 
tigation of  nature,  we  are  to  keep  our  minds  in  the  idea  of 
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order,  aa  manifested  in  successive  degrees  of  forms,  forces,  ope- 
rations and  uses,  and  that  then  we  are  legitimately  studying  the 
nature  of  substance  in  the  only  meaning  that  it  has  for  finite 
beings.  Other  substance  than  this  is  a  figment,  which  is  ren- 
dered necessary  by  nothing  in  the  theory  of  causation,  because 
it  will  legitimately  account  for  nothing.  It  has  no  function  in 
the  new  state  of  things,  but  belongs  essentially  to  the  scholas- 
ticism of  a  past  church. 

Having  now  briefly  indicated  the  relation  between  Sweden- 
borg's  science  and  philosophy  and  that  of  his  own  and  the  pre- 
sent time,  we  have  still  to  speak  of  a  few  points  which  more 
particularly  belong  to  the  Work  before  us. 

The  reader  may  probably  be  led  to  enquire,  how  far  the 
''  Animal  Kingdom^'  embodies  doctrines  which  were  current  at 
Swedenborg^s  day,  and  how  far  its  deductions  are  peculiar  to 
our  author.  To  this  it  may  be  answered,  that  many  doctrines 
to  be  met  with  in  the  Work  are  by  no  means  peculiar  to  Swe- 
denborg,  but  were  the  common  intellectual  property  of  his 
contemporaries  and  predecessors.  We  have  seen  that  a  host  of 
writers  held  the  doctrine  of  the  animal  spirits.  It  was  also  no 
uncommon  belief  that  they  were  elaborated  by  the  cortical  sub- 
stances of  the  brain,  and  circulated  through  the  nerves.  Vieus- 
sens  held  that  there  were  distinct  degrees  of  them.  Bnmn 
propounded  the  same  doctrine  as  Swedenborg  respecting  the 
pituitary  gland;  and  numerous  instances  to  the  same  effect 
might  readily  be  adduced  from  other  writers.  Perhaps  the  best 
means  to  be  certified  on  this  head,  will  be  by  the  perusal  of 
Boerhaave's  "  Institutiones  Medicae,^' — ^a  work  where  the  theo- 
ries of  many  ages  are  condensed  into  an  eclectic  system.  It 
appears  as  though  Swedenborg  freely  availed  himself  of  the 
treasures  that  were  accumulated  around  him  and  before  him, 
and  was  altogether  destitute  of  that  passion  for  originality  which 
has  been  the  besetting  sin  of  so  many  of  the  learned.  He 
distinctly  states  that  he  has  relied  upon  his  own  experience  to 
but  a  small  extent,  and  that  he  has  deemed  it  wiser,  for  the 
most  part,  to  "  borrow"  from  others.*  So  also  where  he  found 
true  doctrines  and  deductions, — ^these  likewise  he  borrowed,  and 

*  *'  Economy  of  the  Animal  Kingdom/'  tr.  i.,  n.  18. 
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thisj  with  generously  grateful  acknowledgment.  But  what  he 
really  brought  to  the  task  were  those  great  principles  of  order 
to  which  we  haye  before  alluded,  and  which  touched  nothing 
that  they  did  not  universalize  and  adorn ;  nay,  which  built  the 
materials  of  experience  and  the  deductions  of  reason  into  a 
glorious  palace  that  truths  could  inhabit.  It  is  as  the  architect 
of  this  edifice  that  Swedenborg  is  to  be  viewed,  and  his  merits 
are  to  be  sought  for  not  so  much  in  its  separate  stones,  as  in  the 
grand  harmonies  and  colossal  proportions  of  the  whole. 

After  this  statement  it  is  scarcely  necessary  to  observe,  that 
Swedenborg  is  not  to  be  resorted  to  as  an  authority  for  anato- 
mical facts.  It  is  said,  indeed,  that  he  has  made  various  dis- 
coveries in  anatomy,  and  the  canal  named  the  '^  foramen  of 
Monro''  is  instanced  among  these.*  Supposing  that  it  were  so, 
it  would  be  dishonoring  Swedenboi^  to  lay  any  stress  upon  a 
circumstance  so  triviaL  Whoever  discovered  this  foramen  was 
most  probably  led  to  it  by  the  lucky  slip  of  a  probe.  But  other 
claims  are  made  for  our  author  by  his  injudicious  friends.  It  is 
said  that  he  anticipated  some  of  the  most  valuable  novelties 
of  more  recent  date,  such  as  the  phrenological  doctrine  of  the 
great  Gall,  and  the  newly-practised  art  of  animal  magnetism. 
This  is  not  quite  feur :  let  every  bene£etctor  to  mankind  have 
his  own  honorable  wreath,  nor  let  one  leaf  be  stolen  from  it 
for  the  already  laureled  brow  of  Swedenborg.  True  it  is  that 
all  these  things,  and  many  more,  lie  in  avo  in  the  universal 
principles  made  known  tlux^ugh  him,  but  they  were  not  deve- 
loped by  him  in  that  order  which  constitutes  all  their  novelty, 
and  in  fitct  their  distinct  existence.  For  in  the  first  place  it  is 
impossible  for  the  human  mind  to  anticipate  fiicts ;  these  must 
always  be  learnt  by  the  senses :  and  secondly,  Swedenborg  was 
too  much  a  man  of  business  to  turn  aside  from  the  direct  means 
to  his  end,  or  to  attempt  to  devetop  anything  beyond  those 
means.  His  philosophy  is  the  high  road  from  the  natural  world 
to  the  spiritual,  and  of  course  has  innumarable  lateral  branches 
leading  to  the  several  frdr  regions  of  human  knowledge :  but 
through  none  of  these  by-ways  had  Swedenborg  time  to  travel : 
nay,  could  he  have  done  so,  there  is  nothing  to  shew  that  he 

*  See  <*  Animal  Kingdom/'  toI.  I.,  p.  250,  n.  190,  note  (r). 
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would  tKere  have  discovered  what  his  soccesson  have  done.    He 
had  his  mission^  and  they  have  theirs.     His  views  are  at  har- 
mony with  all  that  is  new  and  true,  simply  because  they  are 
Tmiversal^  but  in  no  fiair  sense  do  they  anticipate^  much  less 
supersede^  the  scientific  peculium  of  the  present  century.    Swe- 
denborg^  therefore^  is  not  to  be  regarded  as  an  Aristotle  govern- 
ing the  human  mind^  and  indisposing  it  to  the  instruction 
designed  to  be  gained  from  nature;  but  as  a  propounder  of 
principles  the  result  of  analysis^  and  of  a  method  that  is  to  ex- 
cite us  to  a  perpetual  study  in  the  field  of  effects^  as  a  condition 
of  the  progress  of  science. 

The  anatomical  knowledge  possessed  by  Swedenborg  was 
undoubtedly  very  extensive.  He  appears  to  have  studied  more 
by  plates  than  by  actual  dissection^  as  almost  any  one  would 
naturally  do  who  had  in  view  the  same  end  as  himself.  This 
will  be  regarded  as  an  unpardonable  vice  by  the  physiologists. 
But  why  should  the  knowledge  of  the  human  frame  be  limited 
to  the  dissecting-room  ?  Why  should  it  be  the  appendage  of 
one  crafty  and  not  an  inheritance  of  universal  humanity  f  Why 
should  the  truths  of  the  body  be  the  exclusive  property  of  the 
physicians,  any  more  than  the  truths  of  the  soul  the  exclusive 
property  of  the  clergy?  Have  we  not  all  souls,  and  have  we  not 
all  bodies  ?  Now  good  and  accurate  plates,  corrected  and  gene- 
ralized during  several  ages,  are  far  more  valuable  and  available 
as  a  basis  of  general  education,  such  as  the  New  Church  must 
ultimately  desire,  than  either  dissections  or  preparations.  It  is 
something  that  they  carry  none  of  the  adjuncts  of  death,  dis- 
ease, or  putrefiEU^tion ;  that  they  do  not  hinder  the  mind  from 
recollecting  that  life  and  motion  are  the  import  and  lesson  of 
the  body.  It  is  something  that  they  may  be  placed  within  the 
reach  of  all.  Swedenborg  has  set  the  example  of  what  may  be 
done  by  studying  them,  and  his  readers  must  follow  the  same 
course  if  they  wish  to  profit  by  his  instructions.* 

The  professional  reader  of  the  ''  Animal  Kingdom''  will  not 
fail  to  discover  that  the  author  has  Mien  into  various  anato- 
mical errors  of  minor  importance,  and  that  there  are  oocasion- 

*  The  beautiful  little  book  by  Erasmus  Wilson,  entitled  "  The  Anatomist's  Vade 
Mecum/'  may  be  recommended  to  the  readers  of  the  "  Animal  Kingdom/'  for  the 
number  of  excellent  plates  that  it  contains. 
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ally  marks  of  haste  in  his  performance.  This  may  be  conceded 
without  in  any  degree  detracting  from  the  character  of  the 
work.  These  errors  do  not  involve  matters  of  principle.  The 
course  which  Swedenborg  adopted,  of  founding  his  theory  upon 
general  experience,  and  of  only  resorting  to  particular  facts  as 
confirmations,  so  equilibrates  and  compensates  all  misstatements 
of  the  kind,  that  they  may  be  rejected  from  the  result  as  unim- 
portant. To  dwell  upon  them  as  serious,  and  still  more  to 
make  the  merit  of  the  theory  hinge  upon  them,  is  worthy  only 
of  a  ''  minute  philosopher,'^  who  has  some  low  rule  whereby  to 
judge  a  truth,  instead  of  the  law  of  use.  Such  unhappily  was 
the  rule  adopted  by  the  reviewer  of  the  '^  Animal  Kingdom'*  in 
the  '^  Acta  Eruditorum  Lipsiensia''  (1747,  pp.507 — 514):  the 
book  was  despised  by  this  critic  because  Swedenborg  had  com- 
mitted an  error  in  describing  the  muscles  of  the  tongue,  and 
because  he  had  cited  the  plates  of  Bidloo  and  Verheyen,  which 
Heister  and  Morgagni  had  then  made  it  a  fashion  to  disparage ; 
and  for  other  equally  inconclusive  reasons.  All  they  amounted 
to  was,  that  Swedenborg  had  not  accomplished  the  reviewer's 
end,  however  thoroughly  he  had  performed  his  own. 

But  fortunately  such  criticisms  are  never  decisive ;  a  single 
truth  can  outlive  ten  thousand  of  them.  The  ^'  Animal  King- 
dom'* appeals  to  the  world  at  this  time,  a  hundred  years 
since  the  publication  of  the  original,  as  a  new  production,  hav- 
ing all  the  claims  of  an  imjudged  book  upon  our  regards.  For 
during  that  hundred  years  not  a  single  writer  has  appeared  in 
the  learned  world,  who  has  in  the  slightest  degree  compre- 
hended its  design,  or  mastered  its  principles  and  details.  The 
reviewer  to  whom  we  have  more  than  once  alluded,  judged  it  by 
a  standard  which  was  suited  only  to  an  anatomical  manual  and 
text-book.  Haller  bestowed  a  few  words  upon  it  in  his  invalu- 
able "  Bibliotheca  Anatomica,"  but  he  knew  nothing  of  Swe- 
denborg's  views ;  and  his  notice  of  the  "  Economy  of  the  Animal 
Kingdom,"  contains  errors  too  numerous  not  to  invalidate  his 
censure,  had  he  bestowed  it,  which  however  he  has  not  done 
directly.  Sprengel,  in  his  "  History  of  Medicine,"  has  oflFered 
a  few  lines  upon  the  work,  but  these  merely  of  a  bibliographical 
import.  The  past  therefore  has  found  no  fault  in  it,  and  it 
comes  before  the  reader  with  an  iminjured  character,  and  de- 
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mands  as  a  good^  true,  and  usefiil  book  to  be  taken  into  his 
service,  and  to  receive  a  full  trial  at  his  hands.  The  modem 
physiologists  having  no  theory  of  their  own,  have  no  reference 
to  it,  nor  until  they  quit  their  present  ground  can  they  be  al- 
lowed to  have  an  opinion  on  the  subject.  Their  censure  would 
not  be  more  relevant  than  would  the  opposition  of  a  Bed  Indian 
to  the  problems  of  the  mathematics. 

But  it  may  fairly  be  asked,  what  are  the  prospects  that  the 
'^  Animal  Kingdom,'^  and  the  scientific  works  of  Swedenborg 
generally,  will  be  received  at  this  day,  when  they  refer  to  an 
order  of  facts  almost  forgotten,  when  they  involve  a  scientific 
terminology  which  has  become  partially  obsolete,  and  especially 
when  it  is  considered  that  there  never  perhaps  was  an  age  so 
well  satisfied  with  itself  and  its  own  achievements  as  the  present 
one  ?  Their  prospects  in  the  high  places  of  science  are  not  in- 
deed encouraging :  it  would  be  vain  to  build  up  hopes  in  that 
quarter,  or  to  address  expostulations  to  it.  A  commission  of 
any  Boyal  Academy  in  Christendom  would  soon  decide  our 
claims  in  the  negative.  But  fortunately  there  are  abundant 
signs  of  a  breaking  up.  The  scientific  world,  and  specifically 
the  medical  world,  which  is  always  the  highest  exponent  of  the 
state  of  science,  is  in  a  state  of  intestine  revolution ;  nay,  what 
is  saying  much,  it  is  nearly  as  full  of  dissension  as  the  church 
itself.  It  would  be  exceedingly  unpalatable  to  dwell  upon  its 
divisions,  to  specify  the  sects  which  have  separated  from  the 
maternal  body,  and  to  shew  the  irreconcilable  nature  of  the 
differences  that  subsist  between  orthodox  medicine  and  her  re- 
fractory children.  The  future  historian,  standing  upon  the 
grave  of  once  venerated  institutions,  may  do  this  with  impar- 
tiality, and  not  without  a  feeling  of  pity.  Meanwhile  it  is  our 
privilege  to  rejoice,  that  amid  the  decadence  of  science  new 
ground  is  being  broken,  and  new  spirits  raised  up,  to  some  of 
whom  the  new  truth  may  be  accommodated  and  delightful. 

We  use  the  phrase  "  new  truth,^^  although  the  works  which 
contain  it  have  been  buried  in  the  dust  for  a  whole  century ; 
but  in  so  doing  we  simply  aUude  to  the  principles  involved  in 
those  works.  The  confirmatory  facts  by  which  these  principles 
were  brought  into  relation  with  the  science  of  Swedenborg's 
day,  may  doubtless  from  time  to  time  be  superseded  by  better 
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attestations:  particular  fisurts  are  but  the  cratches  of  a  tnie 
theory,  and  are  not  strictly  speaking  its  basis;  for  the  basis 
itself  is  spiritual,  since  it  is  the  order  and  tenor  of  effects  that 
form  it,  and  not  the  matter.  The  principles  themsdves  are 
eternal  truths, — ^the  same  yesterday,  to-day,  and  for  ever.  They 
are  not  attached  for  more  than  a  time,  or  for  any  end  but  ne- 
cessity of  use,  to  any  one  range  of  fisurts,  or  to  the  books  of  any 
one  author, — no,  not  even  of  a  Swedenboi^. 

There  are  cycles  in  all  things,  and  even  now  there  are  some 
indications  of  a  revival  of  medical  learning.  The  weakness  of 
the  present  state  of  things  is  perceived  by  those  who  have  no 
appreciation  of  its  barrenness;  the  temper  of  the  public  is  an 
immistakable  demonstration  to  this  effect.  Hence  many  begin 
to  revert  to  the  past,  and  laying  aside  for  a  moment  the  vocifera- 
tion of  "  march  of  intellect''  and  "  progress  of  the  species,''  they 
are  content  to  march  and  progress,  like  the  crab,  backwards, 
and  to  claim  Hippocrates  and  Ghilen  and  Sydenham  as  their 
£Etthers.  This  is  at  any  rate  so  far  good,  that  it  shews  how  a 
foi^tten  range  of  fEM^ts  and  an  antiquated  terminology  may  be 
reacquired  as  soon  as  there  is  a  sufficient  motive :  nay,  it  nou- 
rishes the  hope,  that  under  the  pressure  firom  ¥rithout,  the  lai^ 
body  of  dependents,  if  not  the  feudal  lords  of  science,  may 
come  to  even  greater  and  more  unexpected  results  than  these. 
Who  shall  say  that  they  may  not  ultimately  see  that  it  is  their 
interest,  as  practitioners  of  medicine,  to  deposit  their  cloke  of 
mystifications,  to  bring  to  market  something  which  is  intelli- 
gible and  useful  to  humanity,  to  go  wherever  truth  leads  them, 
even  though  that  truth  be  '^  stranger  than  fiction,"  and  to  come 
to  our  Swedenborg  in  his  double  character,  and  acknowledge 
with  humble  thankfulness  that  a  greater  than  Hippocrates  is 
here, — a  man  who  has  married  practice  to  theory,  who  has 
dissected  the  living  body  without  destroying  it,  and  has  so 
opened  the  sciences  of  anatomy  and  physiology,  that  they  must 
sooner  or  later  become  branches  of  hmMtn  education,  in  which 
case  the  medical  profession  will  have  a  solid  basis  in  the  social 
world,  and  be  as  a  golden  crown  of  wisdom  and  practice  resting 
securely  upon  the  correct  knowledge  and  common  sense  of 
mankind. 

To  all  those  who  are  in  possession  of  truths  which  are  not 
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recognized^  or  are  rejected^  by  the  systenui  of  the  day,  the 
writings  of  Swedenboi^  may  be  perfectly  invaluable.     Those 
writings  will  prevent  them  from  being  dependent,  in  any  de- 
partment of  reason,  upon  the  old  state  of  science.    They  will 
furnish  a  high  rallying  point  where  a  number  of  such  distinct 
truths  may  be  combined,  and  derive  that  strength  which  is  the 
result  of  union,  and  especially  of  the  union  of  truths.    They 
will  put  weapons  of  offence  and  defence  in  the  hands  of  causes 
which  are  now  repressed  almost  into  nothingness,  and  give 
power  to  those  which  are  strong  in  spirit,  yet  weak  in  body. 
They  will  add  force  to  faith,  and  sustain  the  earnest  soul 
through  the  day  of  small  things,  and  meanwhile  yield  it  a 
peaceful  delight  prophetic  of  a  glorious  future.    To  all  such 
persons  these  writings  ought  to  be  as  glad  tidings,  and  should 
be  received  with  hearty  thankfulness,  and  a  determination  to 
lose  no  time  in  converting  them  to  use. 

But  it  is  on  the  New  Church  itself  that  Swedenboi^s  scien- 
tific works  have  the  highest  claim.  They  were  written,  indeed, 
to  convince  the  sceptic,  yet  perhaps  their  chief  end  may  be  to 
confirm  the  believer.  They  disclose  the  intellectual  use  of  na- 
ture, as  being  a  theatre  of  instruction  where  man  may  learn 
the  highest  truths  in  the  lowest  form,  and  from  which  he  may 
mount  upwards,  on  the  ladder  of  divine  order,  until  the  intel- 
lect merges  in  the  moral  sphere.  They  proclaim  that  in  this 
course  of  true  instruction  there  is  nothing  to  be  unlearnt,  either 
in  this  life  or  in  that  which  is  to  come,  but  that  our  limits  are 
to  be  successively  enlarged,  and  all  that  is  real  and  positive  ever 
carried  forwards  into  the  proximately  succeeding  state.  For 
these  works  are  thoroughly  congruous  with  the  theology  of  the 
New  Church.  The  order  which  they  shew  to  exist  in  nature,  is 
the  very  mirror  of  the  order  that  reigns  in  the  spiritual  world. 
They  mark  the  successive  stages  through  which  Swedenborg 
was  led  by  the  Divine  Providence,  until  he  was  capable  of  that 
interior  state  in  which  his  spiritual  eyes  were  opened,  and  the 
inner  world  disdosed  to  his  view ;  and  as  they  were  therefore 
the  means,  so  were  they  in  unison  with  the  end.  The  doctrines 
which  they  set  forth  respecting  the  human  body  are  reiterated 
with  scarcely  an  omission  in  his  theological  treatises,  and  parti- 
cularly in  his  "Arcana  Coelestia,''  where  they  serve  as  the 
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gromid-work  of  his  stupendous  descriptions  of  the  life  of  man 
after  deaths  when  he  is  associated  with  his  like,  according  to  the 
laws  of  order  and  degrees,  and  if  he  be  capable  of  it,  becomes 
a  part  of  the  grand  human  form  of  heaven.  It  is  therefore  at 
once  edifying  and  delightftd  to  examine  the  scientific  evolution 
of  those  doctrines  in  the  ''  Animal  Kingdom,^'  and  to  observe 
how  wonderfully  coherent  they  are,  and  how  firm  they  stand  in 
nature.  At  the  same  time,  far  be  it  firom  us  to  admit,  that 
Swedenborg^s  theology  was  the  outgrowth  of  his  science.  This 
has  been  stated  to  be  the  case,  and  it  is  an  assertion  easily 
made,  a  proposition  which  the  sceptic  will  be  too  ready  to  con- 
ceive. But  we  give  it  a  direct  negative  :  it  is  the  offspring  of  a 
double  ignorance, — of  an  ignorance  of  both  the  premises.  Those 
who  are  best  acquainted  with  the  writings  of  Swedenborg 
know  full  weU  that  it  has  not  a  glimmer  of  probability  to 
support  it. 

Nevertheless  it  may  be  confidently  affirmed,  that  it  is  im- 
possible to  affix  a  meaning  to  much  that  Swedenborg  has  said 
of  the  human  body  in  his  theological  writings,  without  a  study 
of  his  scientific  works.  In  this  respect  the  former  presuppose 
the  latter,  as  containing  a  body  of  elucidations  that  cannot  be 
obtained  from  the  views  of  any  other  physiologist. 

But  these  works  not  only  support  and  elucidate  Sweden- 
borg^s  theological  writings,  but  they  also  afford  the  members  of 
the  New  Church  an  opportunity  of  descending  firom  the  spiri- 
tual sphere  into  the  natural,  and  there  gathering  confirmations 
from  the  broad  field  of  creation.  In  proportion  as  this  is 
rightly  done,  or  done  for  spiritual  ends,  there  will  be  a  regene- 
ration of  the  sciences,  and  the  ascending  or  analytic  method  will 
become  subservient  to  the  influx  of  spiritual  power  and  truth 
from  above.  The  order  of  nature  will  be  more  and  more  seen 
to  be  at  one  with  the  order  of  heaven.  The  sciences  through 
which  nature  is  viewed  in  different  aspects,  will  become  easy  of 
comprehension  and  recollection,  because  all  their  details  will  be 
ranged  on  the  electric  spirals  of  order.  The  organic  sciences 
especially  will  be  schools  in  which  the  great  lesson  of  society  is 
learnt,  and  the  laws  of  government  and  intercourse  represented. 
The  human  imagination  will  be  limited  by  the  truth,  and  will 
admit  that  all  that  outlies  its  sphere,  is  a  monstrosity,  and  an 
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outrage  against  the  universal  principles  of  art ;  and  that  without 
rational  truth  there  can,  at  this  day,  be-  no  true  art,  as  there 
can  be  no  heroic  action.  The  understanding  will  no  longer  love 
the  occult,  or  dwell  in  quiddities  and  logical  formulas,  but  in 
the  recognition  of  ends  and  uses  in  substantial  forms.  Man 
will  see  the  omnipresence  of  Gt)d  in  nature,  because  he  wiU 
contemplate  a  moving  order,  perpetually  tending  from  ends  to 
ends,  and  thus  involving  an  infinite  intelligence  and  love  in 
every  point  of  its  progression.  There  will  no  longer  be  faith 
alone,  nor  charity  alone,  nor  works  alone.  The  natural  world 
will  not  be  divorced  from  the  spiritual,  nor  the  body  fit)m  the 
soul ;  for  there  will  be  no  hostility  between  the  different  facul- 
ties of  the  mind,  but  the  spiritual  man  will  rest  on  the  rational, 
and  the  rational  on  the  sensual,  which  last  will  then  become 
the  enduring  basis  of  the  heavenly,  and  the  ultimate  theatre 
of  its  life  and  fructification.  "In  that  day  there  shall  be  a 
highway  out  of  Egypt  to  Assyria,  and  the  Assyrian  shall  come 
into  Egypt,  and  the  Egyptian  into  Assyria,  and  the  Egyptians 
shall  serve  with  the  Assyrians.  In  that  day  Israel  shall  be  the 
third  with  Eg3rpt  and  with  Assyria,  even  a  blessing  in  the  midst 
of  the  land."* 

But  imtil  this  prophecy  is  accomplished,  science  must  be 
dead.  For  the  Egypt,  Assyria,  and  Israel  of  the  Word,  are 
not  places,  lying  under  a  particular  latitude  or  confined  to  one 
planet,  for  the  divine  truth  is  omnipresent,  and  transcends  the 
conditions  of  space  and  time ;  but  they  are  general  states  within 
every  man  that  is  bom  into  the  world.  The  Egypt  of  divine 
truth  is  his  scientific  mind ;  the  Assyria  is  his  rational  mind ; 
and  the  Israel,  his  spiritual ;  and  the  prophecy  here  describes 
the  true  order  of  the  influx  and  circulation  of  mental  states  and 
principles,  in  either  an  individual,  a  society,  or  the  human  race 
at  large.  This  is  the  order  to  which  we  believe  power  will  ulti- 
mately be  given  by  Him  who  has  all  power  in  heaven  and  on 
earth.  For  we  know  that  until  it  is  established,  opinion  must 
be  as  the  shifting  sand ;  human  systems  must  be  so  mortal  that 
the  mere  flux  of  time  is  suflScient  to  destroy  them ;  the  scien- 
tific state  of  each  age  must  be  at  the  mercy  of  any  strong  man 

*  Isaiah  xix.  23.  24. 
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with  an  energetic  will  and  an  equal  faculty  of  persuasion ;  since 
without  a  permanent  reference  to  true  order^  intellectual  feats 
can  be  measured  by  no  standard  but  daring  and  determina- 
tion. But  a  better  time  is  at  hand^  and  a  better  state  than  man 
deserves^  or  than  he  himself  could  originate.  The  new  era  has 
commenced  ahready.  The  truths  of  a  New  Church  have  been 
revealed  in  the  writings  of  Swedenboi^;  and  in  those  truths^ 
and  those  truths  alone^  may  science  drink  of  the  waters  of 
inmiortality. 
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Demy  8vo.,  la. 
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teuas  ignota  ftaemnt.    Ex  Operibns  posihnmis  Ema- 

nnells  Swedenborgii.    Vols  3  and  4,  each  10s. 
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Ita  qnod  omnia,  qnas  in  Apocalypai  pr»dicta  sunt, 
hodie  impleu  sint.    Ex  Anditis  et  Visis.    St. 
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EMANUELIS    SWEDENBORGII    AD- 
VERSARIA   IN    LIBROS    VETERIS 
TESTAMENTI. 

Ex  Operibas  ejos  poatliamb  in  BibliotliecA  Regis 
Academise  Hoimiensis  asservatis.  Nunc  primam 
edidit  Dr.  Jo.  Fr.  Im .  TAFEL,  fascicaU  1,  t,  3,  4. 

i$.  6d,  each. 


The  Society  hat  on  tale  various  Translations  qf  Swedenborg*s  works  in  German  and 
Fi-ench.  Reports  qf  the  8ociety*s  proceedings  may  be  had  gratia  qf  the  Publisher, 
W.  Newbery,  6,  ifmg  Sireetj  Holbom, 


WALTON   AND   UITCHE1.L,  PRINTJCRIt,   WARDOUR   STRKXT,  OXFORD  STRXKT. 


Digitized  by 


Google 


SCIENTIFIC  WORKS  BY  THE  SAME  AUTHOR. 


SHORTLY  WILL  BE  PUBUSHCD : 
(Trmulatedfnm  the  Latin,  by  the  Rev.  Auguettn  Cliteold,  A.M,^ 


THE  PRINCIPU. 


CONTXNTS: 

Put  I. — Chapter  1.  The  means  of  attaining  to  a  true  philosophy,  and  the  cha- 
racter of  the  tme  philosopher.  2.  The  first  natural  point,  and  its  existence  from  the 
Infinite.  3.  The  first,  or  simple  finite.  4.  The  second  finite ;  also  genericaUy  on 
the  active  of  the  first  finite.  5.  Specifically  on  the  active  of  the  first  finite.  6.  The 
first  element  of  the  mundane  system.  7.  The  actives  of  the  second  and  third  finite. 
8.  The  third  finite,  or  substantial.  9.  The  second,  or  magnetic  element  of  the 
mundane  system.     10.  The  existence  of  the  sun,  and  the  formation  of  a  solar  vortex. 

Part  II. — Chapter  1.  The  causes  and  mechanism  of  the  magnetic  forces.  2.  The 
attractive  forces  of  magnets.  3.  The  same  when  the  poles  are  alternated.  4.  The 
attractive  forces  at  the  magnetic  equators.  5.  The  repulsive  forces  of  magnets. 
6.  The  forces  of  attraction  between  the  magnet  and  iron.  7.  The  influence  of  the 
magnet  upon  ignited  iron.  8.  The  penetration  of  effluvia  through  metals.  9.  Che- 
mical experiments  upon  the  magnet.  10.  The  friction  of  iron  upon  the  magnet. 
11.  The  conjunctive  force  between  the  magnet  and  pieces  of  iron.  12.  The  motion 
of  the  magnetic  needle.  13.  The  modes  of  rendering  iron  magnetic.  14.  The  de- 
clinations of  the  magnet  reduced  to  calculation  upon  the  foregoing  principles. 
15.  The  causes  of  the  declination  of  the  magnet.  16.  Calculations  of  the  declina- 
tion of  the  magnet. 

Part  III. — Chapter  I.  Comparison  of  the  sidereal  heavens  with  the  magnetic 
sphere.  2.  The  diversities  of  worlds.  3.  Resumption  of  the  argument  on  the  fourth 
finite.  4.  The  solar  and  planetary  chaos.  5.  Ether.  6.  The  fifth  finite.  7.  Air. 
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